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ABSTRACT
Immunocytes play a central role in specific and non-specific defence 
mechanism in chickens. In this study, techniques were established for the in vitro 
investigation of the phagocytic and bactericidal activities and the release of respiratory 
burst (RB) metabolites of macrophages and the antigenic responses of chicken 
splenocytes. The immuno-modulating potential of 1) a filtrate of Salmonella infected 
RPMI-1640 (SRPMI-1640), 2) supernatants from elicited macrophage cultures (NM$) 
and 3) supernatants from Salmonella infected macrophage cultures (SM$) was 
evaluated.
Chicken peritoneal exudate cells (PEC ) were elicited by the injection of 
irritants such as saline, thioglycolate broth and Sephadex G-50. Sephadex G-50 was 
found to induce the maximum number of PEC:. A single dose of Sephadex G-50 
recruited 28.1 ±  11.9 X 10^  PEC per bird, whilst a double dose recruited 85.5+27 
X 10^  cells. These PEC contained on an average 50 % macrophages irrespective of 
the chemical nature of the irritant used. The proportion of these macrophages could 
be enriched to greater than 80 % by exploiting their adherent property.
The multinucleated giant cell (MGC) formation and fibroblast contamination 
were common sequelae of extended culture of Sephadex recruited peritoneal exudate 
macrophage (PEM#).
Phagocytosis of sheep red blood cells (SRBC) as well as Salmonella gallin- 
arum was depended on the degree of opsonisation and the time of exposure of the 
phagocytic particles but was unaffected by the length of time for which the 
macrohages have been cultured and the nature of particles being phagocytosed.
S. gallinarum was phagocytosed by PEM# as efficiently as SRBC. There was more
killing of phagocytosed opsonised Salmonella than phagocytosed un-opsonised 
Salmonella. PEM$ released a detectable amount of hydrogen peroxide and were 
highly responsive to PMA and 4-0-M-PMA. Moreover, RB activity was influenced 
by culture age, cell concentration and incubation time of the assay.
The splenocytes from NDV vaccinated chickens of the B^  ^haplotype showed 
strong antigen specific proliferation when incubated in vitro with 4-16 ug/ml of NDV 
antigen. They also produced NDV specific antibodies after 14 days in culture. The 
proliferation could be effectively measured either by the [ % -thymidine uptake or by 
the MTT assay. Anti-NDV antibodies produced by such splenocyte cultures were 
detected using an ELISA designed to give high level of sensitivity.
The SRPMI-1640, NM$ or SM$ did not effect the adherence or the 
phagocytic activity of PEM#. However, SM$ induced a slight reduction in the 
percentage of PEM$ phagocytosing non-opsonised SRBC. All these media induced 
macrophages to release hydrogen peroxide at levels similar to those to PMA. By 
contrast all these media inhibited both the NDV induced proliferation and the anti- 
NDV antibody production by chicken splenocytes. This inhibition could be due to 
products from Salmonella or Salmonella induced activation of macrophages. The 
inhibition observed with NM^ may be due to in vitro activation of PEM$ or due to 
products from the contaminating fibroblasts.
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1:0 INTRODUCTION
INTRODUCTION
1.1: GENERAL INTRODUCTION.
In recent years poultry farming has become a 
profitable industry all over the world. It plays a vital 
role in the economy of developed and developing countries. 
In Pakistan, commercial poultry farming although extensive 
does not yet fulfil the country's own meat and egg 
requirements. It is based upon a variety of exotic high 
performing hybrid strains of broilers and layers (Jaffery, 
1985). This industry produces 0.168 million tons of poultry 
meat and 4670 million eggs per annum. It is because of this 
industry that the per capita daily animal protein intake 
has increased from 7.40 g in 1963 to 17.40 g in 1989 
(Qureshi, 1990). The standard requirements of animal 
protein per capita per day is 27.40 grams. Undoubtedly this 
has resulted from the widespread establishment of poultry 
farms, improved hygienic and management practices and large 
scale vaccination programmes against infectious diseases 
such as Newcastle disease virus (NDV). Moreover, the 
government incentives to expand this profitable industry 
has resulted in high density poultry farming in the 
suburban areas of large cities and towns. However, there 
are a variety of difficulties which are hindering the 
further development of this industry. The high density 
poultry farming has caused problems in maintaining 
acceptable standards of health and production. One such
2problem is the increasing hazard of infectious diseases 
including the NDV infections of NDV vaccinated chickens. 
This causes financial chaos amongst poultry farmers because 
of decreased laying rates, high mortality, and morbidity as 
well as increased cost of production due to intensive use 
of medicines and vaccines.
There are a wide variety of bacterial, viral, and 
protozoal pathogens which cause persistent, subclinical 
infections in chickens. This may be due to the introduction 
and use of live vaccines, substandard and/or mycotoxin 
contaminated feed, poor immune status due to high density 
rearing and poor nutrition and subclinical infections. 
Infections caused by Salmonella spp. Mycoplasma spp. 
Listeria spp and Mycobacteria spp, viral and protozoal spp 
are mainly responsible for losses of meat production, and 
provide sources of infection for other avian species and 
for man. Such pathogens not only survive, but also multiply 
in residential macrophages of susceptible hosts.
Infectious bursal disease, Reovirus infection, (Okoye 
and Shoyinka, 1983), bacterial pathogens like Salmonella 
spp, and Mycoplasma spp (Ortiz et al., 1983: Ei isenstein et 
al., 1988: Brunner and Kroll, 1989), mycotoxin like T2
toxin of Fusarium spp, (Edds et al., 1973: Gerberick and 
Sorenson, 1983), Afla toxin of Aspergilus flavus and 
Aspergilus parasiticus, Eimeria spp and Ascaridia galli 
(Vikraman and paily, 1986 : Neldon & Qureshi, 1992) and 
have been shown to effect the immune responses of chickens 
and mammals. Importantly, Eisenstein et al. (1988) and
3Brunner and Kroll (1989) have shown that intercurrent 
infection may prevent effective immunization. This may 
explain reports of ND (either in the form of a subclinical 
infection or an overt disease) in poultry given live NDV 
vaccine (Khan and Ajmal, 1982 : Siddique et al., 1986 :
Rao, 1987).
Mammalian macrophages in the spleen, liver, lungs, and 
other connective tissues are the main target for 
multiplication or survival of some bacterial pathogens. 
This is because these cells are poorly bactericidal and 
hence are prone to chronic infection. However, once primed 
and activated, the macrophages may acquire increased 
competence to execute their bactericidal activity 
efficiently (Shepherd, 1986 ; Nathan., 197$). Similar
information concerning the functional activity of chicken 
monocytes/macrophages is scanty. Indeed, very little 
research has been performed on the functional activity of 
these cells in chickens. Such work has been hampered by 
lack of specific reagents (such as monoclonal antibodies 
and purified chicken specific cytokines) and by the fact 
that techniques for studying basic aspects of cell 
physiology and functions have not been adapted for use in 
chickens. This is necessary because chicken haematology is 
vastly different to that of mammals. Moreover, the evidence 
from lymphocyte studies in chickens has shown that these 
cells respond in qualitatively different ways when compared 
to the corresponding mammalian cells.
Since Salmonella spp infections are common at poultry
4farms and evidence in the mammalian system suggests that 
Salmonella spp may affect the immune response (Lee et at., 
1985 : Brunner and Kroll, 1989), this project was designed 
to investigate the effect of S. gallinarum infection on 
chicken macrophage function and on the immune response of 
chickens to ND virus vaccine. In order to perform this 
study, it was necessary to establish standard protocols for 
assaying the in vitro functional activity of cells of the 
chicken immune system.
1.2: THE CHICKEN IMMUNE SYSTEM.
The chicken immune system consists of primary and secondary 
lymphoid organs and the associated cells (Figure 1.1 and 
Figure 1.2). The primary lymphoid organs comprise two 
discrete anatomical structures : the thymus and the bursa of 
Fabricius (Gordon & Jordan., 1982). The thymus consists of 
several pairs of multilobed structures distributed along 
the length of the trachea close to the jugular vein. Each 
thymic lobe is subdivided by septa into several lobules 
packed with lymphoid follicles (Jeurissen et al., 1988).
The bursa of Fabricius is a round hollow sac-like 
lymphoepitheliai organ connected to the cloaca by a duct. 
It is situated dorsal to the cloaca underneath the skin. It 
reaches its greatest size in chickens 1-2 weeks after 
hatching and then undergoes gradual involution. The 
lymphoid cells are embedded in epithelial tissues which 
constitute the internal and external lining of this organ. 
On the inner side, large folds of epithelium extend into
5the lumen and scattered through these folds are follicles 
of lymphoid cells. Each lymphoid follicle is divided into 
a cortex and a medulla. The cortex contains lymphocytes, 
plasma cells and macrophages whilst the medulla contains 
lymphoblasts and lymphocytes. At the cortico-medullary 
junction, there is a thin layer comprising epithelial 
cells, basement membrane and a capillary network (Gordon & 
Jordan, 1982: Tizzard, 1987: Jeurissen et al., 1988).
The secondary lymphoid organs include the spleen, bone 
marrow and other lymphoid tissues associated with the 
mucous membranes of the eye (the Harderian gland) , the 
intestine (caecal tonsils, Peyer's patches, Mechal's 
diverticula), the respiratory and genital tracts. The mucus 
membrane-associated lymphoid tissues are known as MALT 
(Jeurrisen et al., 1989: Befus et al., 1980). The chicken 
spleen, the major secondary lymphoid organ, consists of 
equal amounts of red and white pulp. The red pulp contains 
reticular cells, macrophages, lymphocytes, plasma cells and 
red cells. The white pulp contains lymphoid cells 
surrounding the splenic artery: these are thymus-dependent 
sheets of small lymphocytes and bursal-dependent, 
circumscribed, germinal centres in which medium to large 
lymphocytes predominate.(Gorden & Jordan, 1982: Tizzard, 
1987: Jeurissen et al., 1988).
Encapsulated lymph-nodes such as those found in 
mammals are not present in chickens. Instead, diffuse 
lymphoid tissues develop at the sites of the body where
FIGURE 1.1: ANATOMICAL POSITION OF CHICKEN PRIMARY LYMPHOID 
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8antigens are injected (Jeurissen et al., 1988).
The chicken immune system comprises lymphoid cells i.e., 
thymus-dependent lymphocytes (T-cells) and bursal-dependent 
lymphocytes (B-cells), mononuclear phagocytic cells and 
non-lymphoid cells (Figure 1.3).
1.2.1: THYMUS DEPENDENT LYMPHOCYTES:
In avian species, the embryonic haematopoietic stem 
cells (HPSC) native to the aortic region migrate via the 
circulation to colonise the spleen, yolk sac and finally, 
the bone marrow. The thymocyte precursors derived from the 
HPSC are attracted to the thymus in the form of waves 
(Cooper et al., 1991). The cells entering the thymus 
undergo rapid division and maturation under the influence 
of thymopoietin, a hormone secreted by thymic epithelium 
(Audha et al., 1986). The features which mark these 
intrathymic events in birds appear to resemble those that 
have been defined in the mammalian thymus. The 
differentiated chicken T-cells are then seeded in secondary 
lymphoid organs such as T-cell areas of the spleen and the 
MALT where the T-cells play their immunological role 
(Jeurissen et al., 1989).
Chicken T-cells have a variety of functionally 
important cell surface molecules including the T-cell 
receptor for antigen (TCR) which may be one of three 
different types, each of which is recognised by a specific 
monoclonal antibody. Like the mammalian TCR, the chicken
FIGURE 1.3: THE CELLS OF CHICKEN IMMUNE SYSTEM.
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TCR is comprised of two disulphide linked molecules, either 
gamma/delta (TCR-1) or alpha/beta (TCR-2 and TCR-3). All 
the TCR molecules are non-covalantly associated with a 
complex of molecules (the equivalent of the mammalian CD3 
complex) which is responsible for signal transduction 
(Cooper et al., 1991). Avian CD4 and CD8 homologues with 
molecular weights and tissue distributions similar to their 
mammalian counterparts have also been identified with 
monoclonal antibodies (Chan et al., 1988). The avian CTl 
antigen (the mammalian homologue of which unknown) is 
prominently expressed on cortical thymocytes. This antigen 
is also present on a small sub-population of peripheral T 
cells that may represent recent emigrants from the thymus. 
Activated T-cells express an MHC Class II antigen 
resembling that of human T-cells (Ewert et al., 1984). An 
IL-2 receptor homologue has also been identified by an 
antibody that recognises the beta chain of this receptor 
(Hala et al., 1986). Avian CD4+ T-cells, like their 
mammalian counterparts, appear to be especially efficient 
in producing IL-2 (Chan et al., 1988).
In general, avian T-cells have been shown to mediate:
a) MHC class Il-restricted antigen recognition (Vanio et 
al., 1988),
b) B-cell help,
c) graft rejection,
d) tumour cell lysis.
Unlike mammals, (where T-cell populations with specific
11
functions are well recognised), the phenotypes of chicken 
T-cell sub-populations involved in these reactions are not 
well characterised (Toivanen and Toivanen, 1987).
1.2.2: BURSAL DEPENDENT LYMPHOCYTES.
Chicken bursa-dependent lymphocytes (B-cells) develop 
from progenitor cells under the influence of various 
unknown hormones (cytokines). There are three types of 
progenitors which are characterised by their tissue 
distribution at a specific stage in their development 
(Table 1.1). The earliest progenitors (the pre-bursal stem 
cells) are first detectable in embryonic mesenchymal 
tissues (embryonic age 8-15 days) from where they migrate 
to populate the developing bursal rudiment. From 15 days of 
embryonic age to 2 weeks post hatching, the B-cell 
progenitors (the bursal stem cells) are concentrated in the 
bursa, while in older birds the bursa derived B-cell 
progenitors (post-bursal stem cells) are found in secondary 
lymphoid organs like the spleen, thymus, bone marrow and 
the bursa of Fabricius ( Toivanen and Toivanen, 1987; 
Cooper et al., 1991). The lymphocytes are loosely packed 
in the bursa of Fabricius in the form of follicles. Each 
follicle is lined by epithelial cells. The epithelial cells 
secrete a polypeptide hormone "bursin” which induces the 
phenotypic differentiation of B-cell, but not T-cell, 
progenitors in vitro. The transformation from bursal to 
post-bursal stem cells and mature B-cells occurs in the
12
Table 1.1: Differentiation of B-cell progenitors
(Data taken from Toivanen and Toivanen,1987)
Characteristics Pre-bursal 
stem cells
Bursal 
stem cells
Post- 
bursal 
stem cells
Ig genes rearranged — + +
surface IgM — + +
Need for bursal micro­
environment
+ + -
Restoration of:
1) Bursal morphology + + -
2) antibody formation + + +
3) splenic germinal 
centres
+ + +
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bursa of Fabricius whilst the post-bursal stem cells mature 
into B-cells and highly active plasma cells after seeding 
in the peripheral organs. Study of the immune response in 
bursectomised chickens indicates the existence of 
extra-bursal sites for B cell differentiation (Matsuda and 
Bito, 1973 : Ahmed et al., 1989: Mariya^ 1987).
As in mammals, the antigen receptor of mature chicken 
B-cells is immunoglobulin (Ig) expressed on the surface of 
the cell membrane. This Ig is a monomeric form of IgM, IgA 
or IgD (Burns, 1982).
In general, the functional integrity and antigen 
specificity of the mammalian B cell may be assessed by 
measuring:
a) cellular proliferation in response to mitogenic 
stimulation e.g., lipopolysaccharide (LPS); proliferation 
is assessed by [^H]-thymidine uptake assay,
b) antigen-specific ,plasma cell numbers; this is assessed 
by a plaque assay using sheep red blood cells,
c) antigen-specific antibody titres; this is assessed by 
haèmagglutination or by enzyme linked immunosorbant assay 
(ELISA),
(Vanio and Ratcliffe, 1984: Dongso-Kim et al., 1990: De 
Franco et al., 1987: Misiti and Aldmann,1981 :
3 : Nadler et al., 1980).
1.2.3: MONONUCLEAR PHAGOCYTIC CELLS.
In mammals, the mononuclear phagocytic cells derived
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from bone-marrow, (pro-monocytes), are released into the 
circulation as monocytes. In mice, the monocytes remain in 
circulation for 2-3 days, then migrate from the blood to 
the tissues during normal or inflammatory conditions and 
transform into residential or elicited macrophages 
respectively (Cohn, 1987: Karnovasky and Lazidins, 1978). 
The macrophages are found in the spleen, liver, lungs, 
skin, brain, and connective tissues. In these tissues the 
macrophages have been shown to play a pivotal role in the 
specific and non-specific defence mechanisms of the host 
(Cohn, 1987: Johnston, 1988: Adam and Hamilton, 1984).
However, due to the difficulty in obtaining pure 
populations of chicken macrophages, limited information is 
available concerning these cells. Peritoneal exudate cells 
(PEC) from animals such as mice, rabbits, or guinea pigs 
contain between 0.5x10^ and 8x10® residential macrophages 
(Conrad, 1981). By contrast, the peritoneal fluid from 
chickens contains less than one million cells, only a few 
of which are adherent (Rose and Hesketh, 1974). There are 
a number of eliciting agents such as starch, thioglycolate 
broth, mineral oil, glycogen and peptone, which can 
dramatically enhance the recovery and purity of mammalian 
peritoneal macrophages (Conrad, 1981). Cells obtained by 
using these agents have been employed to study the 
secretory and functional capacities of mammalian 
macrophages. Figure 1.4 illustrates the functional and 
secretory capacities of macrophages.
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Figure 1.4: THE FUNCTIONAL AND SECRETORY CAPACITIES OF
TISSUE MACROPHAGES
INFLAMMATION AND MICROBICIDAL
FEVER: ACTIVITY.
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Tissue macrophages are largely quiescent whilst those found 
in the peritoneal cavity, (which have been recruited by 
inflammatory processes), show enhanced tumoricidal, 
bactericidal, and/or secretory functions (Kornovasky and 
Lazindins, 1978: Cohn, 1987). Moreover, activated
macrophages are larger and display pronounced plasma 
membrane ruffling, enhanced spreading, increased adherence 
to culture substrate, and secretion of neutral proteases 
(North, 1978: Cohn, 19%%). All these functional and
secretory capacities are mediated through the ligand and 
receptor mechanisms. Some of these receptors and other 
molecules involved in the physiology of mammalian 
macrophages are shown in Figure 1.5 (Heidenreich et al., 
1989: Zuckerman et al., 1989: Weaver and Unanue, 1990:
Hamilton and Adam, 1987). Similar data about chicken 
macrophages is very limited.
1.2.3.1: PHAGOCYTOSIS.
Phagocytosis has been used as a parameter to determine 
the functional status of monocytes/macrophages. It can also 
be used to differentiate between mononuclear, phagocytic 
cell lines or primary macrophage cultures from other 
mononuclear cells like lymphocytes (Sabet et al., 1977: 
Qureshi et al., 1990). Importantly, it has been shown that 
macrophages from animals exposed to mouldy feed (including 
chickens), mice exposed to vitamin deficient feed and man 
suffering from infectious diseases and genetic disorders
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Figure 1.5; A summary of molecules/receptors on surface
of mammalian macrophages;
yiFNY
l:Fc6RI 2:Fc6RII and 3:FcGRIII- Receptors for Fc part of 
IgG; 4iFcERIlb-Receptor for Fc part of IgE; 5:IFN and 
6:IFN- Receptor for interferon; 7:IL-2R and 8:IL-4R- 
Interleukin receptors; 9:M-CSF-Receptor for macrophage 
colony stimulating factor;10:GM-CSF-Receptor for 
granulocyte macrophage stimulating factor; lliTNFR-Tumour 
necrosis factor receptor; 12 zD^R-Receptor for vitamin D3; 
13:AGER-Advanced glycosylation end product receptor;
14:FR-Fibronectin receptor; 15:T&LR-Transferrin and 
lactoferrin receptor; 16:LPLR-Lipoprotein lipid receptor; 
17:HR-Receptor for hormones; 18:MFFR-Macrophage fusion 
factor receptor; 19:MHC class I and 20: MHC class II 
molecules; 21:M/FR-Mannose/ fucose receptor; 22:CRI and 
23:CRIII-Receptors for complement.
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have impaired phagocytic activity (Bibas et al., 1989: 
Qureshi et al., 1990: Edds et al., 1973: Gerbrick and
Sorenson, 1983: Rosenstein et al., 1979: Radian et al., 
1988) .
Macrophages, through their constitutive or induced 
mechanisms interact with and phagocytose a wide variety of 
soluble and insoluble materials in their vicinity. This may 
be mediated through receptor-ligand interaction involving 
the Fc part of IgG (FcR) , complement components (C3b) or 
other particles having mannose or fucose moieties (Conrad, 
1981: Cohn, 1987: Chandler et al., 1986). These molecules 
could be adsorbed, from serum, on the surface of target 
objects (eg., IgG or C3b) or they could be an integral part 
of microbes (eg, mannose /fucose molecules are structural 
components of yeast cells, erythrocytes etc,; Sung et al., 
1983). Some microbes, such as S. gallinarum, activate the 
complement cascade and hence are able to generate 
complement fragments for auto-opsonisation (Toivanen and 
Toivanen, 1987) . Also, mammalian macrophages themselves are 
a source of complement components which can opsonise 
microbes for subsequent destruction in the absence of other 
sources (Nathan et al., 1980).
Fc receptor-mediated phagocytosis results in the 
activation of macrophage oxidase activity leading to the 
release of arachidonic acid and respiratory burst 
metabolites (Rouzer et al., 1980). By contrast, ligation of 
C3b receptor does not cause the release of either type of
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metabolites (Wright and Silverstein, 1983). Attachment and 
subsequent phagocytosis of some microbes/cells can occur 
directly via chemical interaction between determinants on 
their surface and on mononuclear cells (Skamene and Gros, 
1983). An example of this is the interaction between the 
mannose/fucose receptors on macrophages and carbohydrate 
residues on micro-organisms. Once attachment has been 
achieved, the phagocytic particles are internalised through 
the invagination of the cell membrane to form a vesicle 
which surrounds the particle (the phagosomes). This vesicle 
formation and its subsequent movement within the cytoplasm 
are controlled by the action of plasma membrane-associated 
contractile proteins (Silverstein et al., 1977). During the 
process of phagocytosis, the internalisation of the surface 
membrane and its recycling is a continuous process. It has 
been reported that a macrophage can take in all of its 
surface membrane in 30 minutes in the form of phagocytic 
vesicles (Steinman et al., 1982). Once formed the phagosome 
may fuse with a lysosome which results in the killing and 
processing of the internalized organism. Antigens produced 
by this process are presented on the surface of the 
monocyte/macrophage in association with MHC class II 
antigens thus allowing stimulation of the specific immune 
response (Unanue, 1984).
It has been shown that avian macrophages (like those 
of mammals) can phagocytose sheep red blood cells (SRBC) 
(Sabet et al., 1977: Quereshi et al., 1988: Toivanen and
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Toivanen, 1987: Chu and Dietert, 1988). Also, chicken
macrophages are more actively phagocytic towards sensitised 
SRBC (61-90%) than to non-sensitised SRBC (37-82%) (Revie­
wed by Dietert et al., 199* ) • This data suggests that
chicken macrophages show enhanced activity in the presence 
of opsonins and behave similarly to mammalian macrophages 
under these circumstances.
1.2.3.2: MICROBICIDAL ACTIVITY.
The avian species have a potential to eliminate 
pathogens like that of mammals. In vivo studies indicated 
that chick embryos at 11 days of post-incubation as well as 
chicks at the day of hatching, can kill organisms like non- 
pathogenic E. coli, avirulent strains of S. gallinarum and 
non-pathogenic S. senftenberg (Toivanen and Toivanen,
1987) . Macrophages in the chicks are the main cells that 
endocytose and kill these organisms. The splenic 
macrophages from one-day old chicks are poorly bactericidal 
to pathogenic strains of S. pullorum but their efficiency 
to kill such pathogens is enhanced with an increase in the 
chick's age. The transfer of splenic cells from old birds 
to susceptible one day-old chicks can protect them against 
otherwise lethal doses of S, gallinarum (Toivenen and 
Toivanen, 1987). This work has led to the conclusion that 
age dependent macrophage-mediated bactericidal activity 
could be associated with the acquision of immunocompetence 
of chicken lymphocytes. However, in vitro studies on
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macrophages showed that in addition to bacterial virulence 
and age of host, other factors like the genetic resistance 
potential of avian and mammalian species and activation 
state of their macrophages also influence bactericidal 
potential (Qureshi et al., 1986 : Auger and Ross, 1992). In 
vitro studies in human macrophages showed that the 
phagosomes fuse with primary lysosomes to form secondary 
lysosomes. Although, the mechanism of fusion of the primary 
lysosome and phagosome is not known, but formation of the 
secondary lysosome is an obligatory for the degradation of 
ingested materials (Auger and Ross, 1992). The quiescent 
tissue macrophages are poorly bactericidal, their 
activation augments their bactericidal potential (Nathan, 
191%) . The macrophages are activated by a variety of 
activating factors such as gamma interferon, GM-CSF, M-CSF, 
LPS, immune complexes and crude preparations of Con-A 
induced lymphokines. Once activated, macrophages exhibit 
enhanced microbicidal activity with respect to 
intracellular bacteria but their capacity to dispose of 
extracellular pathogens is reduced. This has been 
demonstrated using gamma interferon-activated monocyte- 
derived macrophages which show decreased ability to ingest 
particles via Fc and complement receptors (Wright et al., 
1986: Kagaya et al., 1989).
Macrophages are equipped with both oxidative and non- 
oxidative mechanisms to kill phagocytosed microorganisms 
(Auger and Ross, 1992). The production and intracellular
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release of reactive oxidative metabolites is a major 
microbicidal mechanism employed by human monocytes and 
macrophages. Non-oxidative killing of microorganisms 
requires a variety of granule-associated bactericidal 
proteins such as elastases, collagenases, lipases, 
deoxyribonucleases, polysaccharidases, sulphatases, 
phosphatases, and defensins. The latter are small cationic 
proteins that have been isolated from rabbit alveolar 
macrophages and human peripheral blood neutrophils and have 
distinct anti-microbial properties (Elsbach and Weiss,
1988).
The bactericidal activity of macrophages is inferior 
to that of monocytes and polymorphonuclear leucocytes which 
is though to be due to a reduction in the respiratory 
burst or a loss in myeloperoxidae during the maturation of 
monocytes to macrophages (Groisman and Saier, Jr, 1990: 
Papamitriu and Ashman, 1989: Nakagawara et al., 1981). The 
tissue residential macrophages during activation process 
release respiratory burst metabolites in myeloperoxidase- 
independent mechanisms (Figure 1.7: Figure 1.8). In
contrast, monocytes and PMNs generate reactive RB 
metabolites including OCl" by myeloperoxidase-dependent 
mechanism. Iodide and bromide can substitute for chloride 
in these reactions. However, chloride is the favoured 
reactant because of its presence within phagolysosome. This 
seems to be bactericidal because of its ability to oxidize 
amines into chloreamines. Similarly, the singlet oxygen is
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highly reactive. Its two unpaired electrons revolve in 
opposite direction, otherwise it is just like ordinary 
oxygen. When the unpaired electron come to ground state, it 
omits light energy which is quenched by carotenoids or 
other chemicals. However, the bactericidal activity of OCl' 
and singlet oxygen is doubtful because of the patients with 
myeloperoxidase are not truly at highly at risk.
The low microbicidal potential makes tissue 
macrophages an attractive environment for the survival of 
certain intra-cellular pathogens. The different mechanisms 
used by blood monocytes and tissues macrophages (as seen in 
Figure 1.7) suggest that in certain circumstances one cell 
type may be more beneficial than the other e.g., monocytes 
kill Candida albicans more readily than the macrophages 
whilst the latter kill Candida pseudotropical is more 
effectively. This is because Candida pseudotropicalis does 
not require myeloperoxidase activity in order to be 
destroyed (Lehrer, 1975; Lehrer and Cline, 1969) . Despite 
all this, some of the bacteria evade bactericidal potential 
of macrophages by different strategies (Figure 1.6).
1.2.3.3: RESPIRATORY BURST METABOLITES.
The respiratory burst (RB) is a characteristic feature 
of phagocytes (macrophages, heterophils, eosinophils and 
monocytes). This activity was first observed in 1930 and 
was believed to be a source of energy for phagocytosis. Its 
importance in anti-bacterial activity was first realised
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Figure 1.6: Bacterial mechanisms to evade bactericidal
activity of macrophages (Speert, 1992).
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following the discovery of chronic granulomatous disease, 
a condition associated with a genetic defect affecting the 
RB (Babior, 1987) . The RB depends on the activation of a 
membrane bound enzyme namely nicotinamide adenine 
dinucleotide phosphate (NADPH) oxidase. This enzyme is an 
integral part of a transmembrane electron transport chain 
with cytosolic NADPH as an electron donor and oxygen as the 
acceptor. The oxidase is inactive in the residential 
macrophages but it is switched on in response to a number 
of stimuli including phagocytosis. The first product of the 
chain of interaction is Og' which is generated at the outer 
surface of the plasma membrane and released either into the 
extracellular space or into the phagosome (Johnston and 
Katagawa, 1985 : Baggiolini and Wyman, 1990). RB activity 
is measured by estimating release by cytochrome-C
reduction (Pick and Keisari, 1981: Berton and Gordon, 1983) 
or by the reduction of nitroblue tétrazolium (Mueller et 
al., 1990). The superoxide thus produced is a highly 
reactive radical which reacts with 2H^ to form hydrogen 
peroxide (HgOg) by spontaneous dismutation which is detected 
by the horseradish peroxidase-dependent oxidation of phenol 
red which serves as H'*’ donor (Ruch et al., 1983). Other 
species of RB are shown in Figure 1.7.
Activation of the RB has been extensively studied in 
mammalian macrophages and neutrophils. Murine peritoneal 
macrophages generate O2' in response to stimulation by 
phorbol myristate acetate (PMA), antibody-antigen
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complexes, phagocytic particles, digitonin or lymphokines 
(Nathan and Root, 1977). By contrast, murine bone-marrow 
derived macrophages do so in response to stimulation by 
zymosan but not by PMA (Phillip and Hamilton, 1989) . The 
precise mechanism of initiation of the RB is not known but 
it is thought to be due to receptor-ligand interaction. 
Priming induces the expression of receptors which interact 
with substances responsible for the activation of the RB 
(Moor et al., 1988). PMA and phagocytic particles are the 
least effective in generating RB activity in unprimed 
macrophages. In the last few years, some lymphokines such 
as IL-4, TNF alpha, INF-gamma, GM-CSF, M-CSF have been 
shown to prime macrophages for the RB (Philip et al, 1990: 
Philip and Hamilton, 1989). However, the opposing effects 
of some lymphokines e.g., IL-4 and gamma IFN have 
highlighted the difficulty in predicting the macrophage 
priming activity of given cytokines (Philip et al., 1990). 
The cytokines are thought to be responsible either for 
inducing a substantial number of receptors on macrophages 
or for priming them to turn on the RB on encountering PMA 
or opsonised particles. Several chemotactic stimulants like 
C5a, N-formyl methionyl peptide, platelet activating factor 
(PAF), leukotriene B4 and neutrophil activating peptide (8 
KDa) initiate the RB by binding to receptors on the surface 
of phagocytes (Sklar et al., 1985: Bellavite et al., 1988:
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FIGURE 1.7: THE RESPIRATORY BURST METABOLITES.
(Speert, 1992.
A: MYELOPEROXIDASE-INDEPENDENT MECHANISM.
(MACROPHAGES)
NADPH-oxidase 
O2 + NADPH -----   > + NADH" + H+
superoxide dismutase 
+ 2 H+---------------   > H2O2 + O2
Fe++ + H2O2  > Fe+++ + OH. + OH-
Fe+++ + O 2  > Fe+++ O2
B: MYELOPEROXIDASE-DEPENDENT MECHANISM.
(MONOCYTES + NEUTROPHILS)
NADPH-oxidase
O2 +NADPH > O2* + NADP- +H+
superoxide dismutase 
O2 + O2 + 2H+ > H2O2 + O2
myeloperoxidase 
H2O2 + Cl --------------------------- > H2O + ocr
OCl + H2O2--------------  > or + H2O + ^ 02
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FIGURE 1.8: MOLECULAR STRUCTURES OF RESPIRATORY BURST
METABOLITES.
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Baggiolini and Wyman, 1990: Gay and Murray, 1991:
Pruzanaski and Vadas, 1991). The intensity of the RB for a 
given chemotactic factor may be related to the number of 
receptors occupied. For formyl methionyl peptides, the 
maximum rate of the RB metabolites reduction is acquired 
when more than 10 % of receptors are occupied (Sklar et al,
1985). This response is induced on binding and ceases when 
the agonist is removed by specific antibody. The activity 
of the oxidase depends on the continuous formation of the 
agonist-receptor complex since the active form of oxidase 
is labile.
There are a large number of factors which down 
regulate the respiratory burst of macrophages either in 
vivo or in vitro culture e.g., endotoxin (LPS) from 
organisms such as Schistosoma mansoni and Mycobacterium 
leprae (Rellstab and Schaffner, 1989: Johnston et al.,
1985:Smith et al, 1989).
1.2.3.4: MULTINUCLEATED CELL FORMATION.
Multinucleated cells are the terminal developmental 
stage of the macrophages (Papadimitiu and Van Bruggen,
1986). In contrast to macrophages, these cells are poorly 
phagocytic and exhibit enhanced lysosomal and respiratory 
burst enzyme activity  ^ - -^Williams and
William^, 1983). The reduced phagocytic activity of these 
cells is due to reduced numbers of surface Ig and 
complement receptors (Papadimitriu and Van Bruggen, 1986) .
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1.2.4 NON-LYMPHOID IMMUNE-ASSOCIATED CELLS.
Chicken granulocytes (heterophils, eosinophils, 
basophils and mast cells) and thrombocytes are involved in 
immunity and resistance to infection in various ways. These 
cells are distinguished by standard haematological 
techniques. Avian erythrocytes are nucleated and cannot be 
lysed with acetic acid solution. Thus, total leucocyte 
counts have been performed using stains which facilitate 
differential counting (Natt and Herrick, 1952: Ferris and 
Bacha, 1984).
Heterophils have polymorphic nuclei with 2-3 lobes. 
Their granules which are fusiform bodies stain with eosin 
and are lysosomal. However, these granules lack peroxidase 
and an alkaline phosphatase normally found in mammalian 
granulocytes. Heterophils are the dominant phagocytic cell 
in inflammatory reactions.
Eosinophils have granules which exhibit both 
peroxidase and arylsulphatase activity suggesting that they 
are lysosomal in nature.
Basophils and mast cells have many functional 
similarities, they secrete only heparin and lack lysosomal 
enzymes. Chicken mast cells are poorly phagocytic and are 
devoid of bactericidal activity.
Thrombocytes are mononuclear cells and their function 
is to induce coagulation and the subsequent disintegration 
of the clot. These are phagocytic cells and have granules
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with lysosomal activity. Thrombocytes lack complement 
receptors and in this way they differ from heterophils and 
monocytes (Toivanen and Toivanen, 1987).
1.3: THE FUNCTIONAL ACTIVITY OF CHICKEN IMMUNOCYTES.
An immune response is the result of highly complex 
interactions between antigen presenting cells and 
immunocompetent lymphocytes. This cellular interaction is 
vital both for the growth, division and differentiation of 
immunological cells and in the regulation of their 
activity. The latter is mediated through the production of 
lymphokines and the recognition of antigen in conjunction
Corrjjf &2C"
with major histocompatabilty^(MHC) Class II molecules.
1.3.1: ANTIGEN PRESENTING CELLS.
Mammalian macrophages endocytose microbes using 
constitutive and induced receptors, process them and 
present microbial antigens on their surface in association 
with Class II MHC antigens (Unanue,1984) . Chicken 
macrophages have been shown to present soluble antigens 
(e.g.. Keyhole limpet haemocyanin-KLH) to T-lymphocytes for 
the induction of antigen specific proliferation. This 
antigen presenting activity of chicken macrophages is also 
Class II restricted (Vanio et al., 1988). Antigen 
presentation by other chicken cells such as B cells and 
dendritic cells has not been clearly demonstrated.
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1.3.2: LYMPHOKINES.
Extensive work during the 1960,s on the origin and 
regulation of immune responses unveiled the importance of 
biologically active products in the supernatants of lectin 
or antigen stimulated lymphocyte cultures. These factors 
are called lymphokines, to indicate their origin and role 
in the immune responses (Dumonde et al., 1969). Individual 
lymphokines were named on the basis of their biological 
activity in vivo or in vitro and their names abbreviated to 
acronyms e.g., lymphocyte activating factor-LAF. In 1979, 
bioassay based names were thought to be unreliable for the 
following reasons;
a) a variety of biological activities had been attributed 
to the same substance.
b) several lymphokines exhibited similar activities e.g., 
TNF and IL-1. (Hamblin, 1988).
Recently, purification of lymphokines from supernatants of 
activated leucocytes by biochemical techniques, the 
production of such substances in large amounts by genetic 
engineering and the introduction of the different amino 
acid sequence in different lymphokines necessitated their 
classification as interleukins. However, some lymphokines 
have retained their activity-based names to prevent 
confusion e.g., gamma interferon (Hamblin, 1988).
A summary of the literature on mammalian lymphokines 
reviewed by Hamblin (1988) and Gearing, (1992: personal
communication) is given in Table 1.2. In contrast to the
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Table 1.2 :The lymphokines secreted by mammalian leucocytes 
(Hamblin, 1987).
NAME CELL SOURCE BIOLOGICAL FUNCTION
IL-1 Multiple Induction of pyrogen release, 
adhesion molecules expression, 
hepatocyte stimulation,bone, 
cartilage resorption, 
PGE2/collegenase induction
IL-2 T-cells Lymphocytes proliferation and 
differentiation
IL-3 T-cells Growth and differentiation of 
haemopoietic progenitors, 
eosinophil enhancement.
IL-4 T-cells Lymphocyte proliferation and 
differentiation, stimulates 
IgE,IgGl production,MHC II 
expression
IL-5 T-cells Eosinophil growth and 
differentiation.
IL-6 Multiple B, T cell growth, Ig 
production, hepatocyte 
stimulation, pyrogen release.
IL-7 BM stroma Pre-B growth T-cell activation
IL-8 Multiple Neutrophil activation, 
T-cell chemoattractant
IL-9 T-cell T-cell growth, mast cell growth
IL-10 T B Mast 
cells
Cytokine synthesis inhibition, 
B-cell viability, enhances mast 
cell growth,
CTL activity.
IL-11 stroma Megakaryocyte growth 
B-cell growth
The name of cytokines based on their functional properties 
are INF-gamma, TNF, GCF, GMCSF, MCSF, TGF.
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vast amount of information concerning mammalian 
lymphokines, only a limited amount of information is 
available on the lymphokines from chicken leucocytes (Table 
1.3).
1.3.3: MAJOR HISTOCOMPATIBILITY ANTIGENS.
The chicken major histocompatibility complex (MHC) was 
first described by Briles et al. (1950) as a blood group 
antigen (the B-locus). In recent years, a number of genes 
have been mapped to the B-locus which are responsible for 
graft versus host induced splenomegaly, mixed lymphocyte 
reaction, cytotoxicity to virus infected cells and the 
regulation of chicken immune responses. The chicken MHC 
comprises a number of genes including three multigene 
families that encode polymorphic cell surface molecules 
such as; B-F (Class 1) , B-L (class II) and B-G (class IV) 
antigens (Longencher and Mosman, 1981: Guillemot and
Auffray, 1989: Guillemot et al., 1989: Miller, 1991).
The B-F region-associated antigens are like mammalian 
MHC class 1 antigens and are composed of a membrane-bound, 
glycosylated, polymorphic, heavy chain that is non- 
covalently associated with a non-variable light chain-the 
chicken B2 microglobulin. B-F antigens are expressed on 
almost all chicken cells including chicken erythrocytes. 
This is in contrast to mammalian class I antigens which are 
not expressed on erythrocytes.
The polymorphism of the heavy chain is reflected by slight
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Table 1.3: The lymphokines secreted by avian leucocytes.
Name Source Target Reference
IL-1 Macrophage
s
T-cells, Klasing and Peng, 
1987.
IL-2 T-cells T-cells, B- 
cells
Weiller and Bullow, 
1987
Interfer 
on
T-cells,
fibroblast
/
macrophages. Dijkamans et al., 
1990.
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variation in the molecular weights of various B-F 
allomorphs from different strains of homozygous chickens 
(Ziegler and Pink, 1976). It has been demonstrated that 
chicken cytotoxic T cells show B-F related MHC restriction 
(Maccubbin and Schierman, 1983).
The B-L antigens (class II) were first identified by 
Ziegher and Pink (1976) and have been shown to be the 
chicken homologue of murine and human MHC class II 
antigens. Like mammalian class II antigens, chicken B-L 
antigens are present on B-cells, monocytes and macrophages 
and stimulated T-cells (Ewert gfr. 1934: Crone et
al., 1981). Like mammalian class II antigens, chicken B-L 
antigens are composed of two distinct, non-covalently 
linked, alpha and beta chains. The polymorphism is 
reflected in haplotype specific variation in molecular 
weight. The allotypic variation is most pronounced in the 
beta chain. Moreover, these antigens are lectin binding 
glycoproteins (Crone et al., 1981). Chicken T-cells can 
recognise thymus-dependent antigens only if these antigens 
are expressed in association with the B-L antigen on 
chicken antigen presenting cells (Vanio et al., 1988).
The B-G antigens are the products of highly 
polymorphic genes closely linked to the B-F and B-L complex 
genes. These antigens are present on chicken erythrocytes 
and erythroid progenitor cells but not on lymphocytes. 
They apparently do not have any functional role in the 
immune response (Kaufman et al., 1991).
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1.3.4: INTERACTIONS BETWEEN MACROPHAGES AND LYMPHOCYTES.
Little precise information is available concerning the 
interaction between chicken macrophages and lymphocytes. 
However, it has been shown that chicken macrophages can:
a) process antigen and present it to immunocompetent T- 
cells (Vanio et al., 1988).
b) secrete soluble factors which modulate the immune 
response (Klasing and Peng, 1987).
c) potentiate the response of lymphocytes to different 
antigens and mitogens (Vanio and Ratclif, 1984).
The latter point will be discussed in more detail below.
1.3.4.1: THE PROLIFERATIVE RESPONSE TO MITOGENS..
The proliferative response of chicken peripheral blood 
lymphocytes (PEL) to pokeweed mitogen (PWM) is augmented by 
macrophages. This response is severely reduced in 
macrophage-depleted cultures and is effectively 
reconstituted by the addition of irradiated, macrophage- 
rich, adherent cells. Reconstitution of the response is 
thought to be due to the activity of a macrophage secretory 
product (Vanio and Ratcliffe, 1984).
1.3.4.2: ANTIGEN SPECIFIC RESPONSE.
1.3.4.2.1: B-CELL RESPONSE.
Vanio et al. (1984) have shown by in vivo experiments 
in chickens that T-B cell interaction is required for anti-
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Brucella IgG production by B-cells.
1.3.4.2.2: T-CELL RESPONSE.
Chicken lymphocytes proliferate in vitro in response 
to soluble antigens (Vanio et al., 1988). Peripheral blood 
lymphocytes from chickens primed with keyhole limpet 
haemocyanin (KLH) proliferate in culture in the presence of 
varying amounts of the immunogen (1-lOOug/ml). The 
proliferation is antigen-specific because the proliferative 
response of PBL to an un-related protein like bovine serum 
albumin (BSA) is very poor. PBL from B-cell depleted 
chickens (i.e., early bursectomised or cyclophosphamide 
treated birds) when stimulated with antigen, show responses 
similar to those of un-stimulated, normal PBL. This 
suggests that the responding cells are T lymphocytes and 
indeed this was confirmed by ablating the response with an 
antiserum to T-cells. After initial stimulation, the 
antigen specific T-cells can be induced to proliferate in 
vitro in the presence of an optimal concentration of IL-2 
or in the presence of antigen-pulsed, syngeneic, 
macrophages. The antigen processing and presentation by the 
chicken macrophages is essential since as in mammals, 
soluble antigen cannot induce proliferation of chicken T- 
cells (Vanio et al., 1988). Antigen presentation to primed 
T-cells in the chicken is MHC class II antigen restricted. 
The specific stimulation of T-cells occurs only when 
antigen is presented on class II MHC antigen identical
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macrophages (Vanio et al., 1988).
1.4: NEWCASTLE DISEASE VIRUS.
Newcastle disease virus (NDVj is a member of the 
paramyxoviridae. It is a non-segmented, single-stranded, 
RNA, virus. It is an enveloped virus (diameter 100-150nm) 
with six virion polypeptides. It undergoes capsid assembly 
in the cytoplasm and envelopment at the surface of infected 
cells. The virion has typical projections covering the 
surface which are inserted into the envelope. There are two 
sizes of surface projections or spikes. The longest 
consists of a single glycoprotein with which both 
haemagglutination and neuraminidase activities are 
associated. The smaller spikes are formed by the F 
glycoprotein which is associated with the ability of the 
virus envelope to fuse with the cell membrane causing 
fusion of infected cells and resulting in the 
characteristic cytopathic effect of syncytium formation 
(Alexander, 1990) .
For 30 years after its first identification in 192 6, 
NDV remained the only known avian paramyxovirus. However, 
since the early 1970, many isolations of paramyxoviruses 
have been made from avian species, which are serologically 
distinct from NDV. Different tests like haemagglutination 
inhibition (HI), immunodouble diffusion (IDD), serum 
neutralization, neuraminidase inhibition, enzyme linked 
immunosorbant assay (ELISA), and structural properties have
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divided avian paramyxoviruses (PMV) into 9 distinct 
serotypes. These serotypes have been termed PMV-1 to PMV-9 
(Alexander, 1989). However, recently developed mouse 
monoclonal antibodies have shown the presence of 
considerable antigenic variation amongst the NDV strains of 
PMV-1. This antigenic variation helped to elucidate the 
epizootology of NDV, particularly the pigeon-associated 
epizootics. Based upon the severity of disease in chickens 
under laboratory conditions, NDV has been placed in five 
pathotypes:
1) viscerotropic velogenic,
2) neurotropic velogenic,
3) mesogenic,
4) lentogenic respiratory,
5) asymptomatic enteric
(After Beared and Hanson, 1984).
Moreover, virulency of the virus is characterised by:
a) the mean death time in eggs ,
b) the intracerebral pathogenicity index in day old chicks,
c) intravenous pathogenicity index in six week old 
chickens
(Taken from Hanson and Brandly, 1955).
Based upon the virulence of NDV strains, three types of 
vaccines are commercially used (Jordon, 1990):
1) live lentogenic,
2) live mesogenic
3) velogenic inactivated .
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Live lentogenic vaccine is prepared from lentogenic 
strains (Hitchner Bl, LaSota, F strain, V4) and is given by 
eye drops, in drinking water, or by aerosol methods. The 
aerosols from the LaSota strains particularly with small 
particle size may penetrate deeply into the respiratory 
tract and cause a sever reaction and heavy mortality in 
susceptible chickens.
Mesogenic vaccine is prepared from a laboratory 
attenuated mesogenic strains like Mukteswar, Komrov, and H 
and is given by intradermal or subcutaneous injections or 
in drinking water. Mesogenic vaccine viruses are capable of 
causing severe disease in susceptible birds but induce a 
high secondary response in immunised birds.
Inactivated vaccine is prepared from egg grown virus 
which is killed by formalin or betapropiolactone and is 
mixed with an oil based adjuvant. It is given by 
subcutaneous and intramuscular injection. This vaccine is 
prepared from the virulent or avirulent strains.
In spite of appropriate vaccination programmes, 
outbreaks of ND have been reported in some of Asian 
countries. A wide range of biological, chemical and 
physical factors have been thought to cause 
immunosuppression. Avian species are commonly exposed to 
chemicals such as mycotoxins in feed or water and to 
biological agents in the form of inapparent infections. 
Such factors have been shown to cause immunosuppression in 
several systems (Brunner and Kroll, 1989) and potentiate
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the susceptibility to other infections (Edds et al., 1973). 
Also, maternal immunity presents a particular problem in 
vaccination against ND as it may prevent the effectiveness 
of primary vaccination.
1.5: SALMONELLA INFECTIONS AND THE IMMUNE RESPONSE.
The bacteria comprising the genus Salmonella are gram 
negative, non-sporing, non-capsulated, rods (2-4x 0.5 um). 
All species except S. gallinarum, and S. pullorum have 
flagella and are motile. Salmonella spp grow in ordinary 
laboratory media and on agar-containing media, forming 
large, thick, greyish-white, round colonies. All ferment 
glucose but not lactose. They are intracellular pathogens 
but can survive for several months away from the host 
(Ashton, 1990 : Mallinson and Snoeyenbos, 1989).
Salmonellosis in chickens is caused by avian adapted 
species like S. gallinarum (the cause of fowl typhoid) and 
S. pullorum (the cause of pullorum in chickens) and avian 
non-adapted species like S. typhimurium and S. enteritides 
(the cause of paratyphoid infections). For many years, fowl 
typhoid was a major problem in poultry flocks throughout 
the world, but the national policy of blood testing for S, 
gallinarum and S. pullorum and culling of infected flocks 
has eliminated the disease in European countries. However, 
fowl typhoid is still a major problem in South America and 
many other countries. In the United States, 153 different 
Salmonellae including S. senftenburg, S. montevideo, S.
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agona, S. bredeney have been isolated from poultry in 
recent years. It is thought that all Salmonellae 
transiently infect poultry. However, certain species, 
including avian adapted species, cause clinical disease and 
persist for long periods in apparently healthy birds 
(Ashton, 1990). Although, Salmonella may enter the body 
through the pharanyx, respiratory tract or conjunctiva, the 
organism usually gains entrance to the host by the oral 
route and reaches the intestine where it can invade the 
enterocytes (Clarke and Glyes, 1986). The non-specific host 
defense mechanisms including gastric acidity, peristalsis, 
intestinal mucus, lysozyme, lactoferrin and the normal 
flora of the intestine all affect the ability of the 
organism to establish infection. It appears that a large 
number of organisms in the intestine, are required to 
initiate disease; thus experimental and natural disease is 
facilitated by the elevation of the gastric pH, impairment 
of peristalsis and by interference with normal intestinal 
flora. It has been observed in starved and opium treated 
guinea-pigs that when Salmonella spp come within a critical 
distance of the brush boarder of enterocytes, the 
microvilli and tight junctions undergo degeneration.
Salmonella enters mammalian host cells through 
microvilli or via the junctional complexes between the 
enterocytes but are usually enclosed by membrane-bound 
vesicles that migrate to the basal region of the cell. The 
microvilli and apical cytoplasm of the cell undergo
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degeneration during this internalization process but are 
subsequently repaired. The bacteria pass through the 
enterocytes to the lamina propria where they stimulate an 
inflammatory response and are engulfed by macrophages and 
neutrophils (Clarke and Glyes, 1986). The inflammatory 
reaction is characterised by the presence of a large
numbers of polymorphonuclear leucocytes many of which are 
laden with Salmonella during the next 24 hours. The 
bacteria in the lumen of the intestines and in enterocytes 
are cleared but those in the lamina propria persist and are 
engulfed by phagocytes. The virulent Salmonella survive and 
multiply in the phagolysosomes. Virulent Salmonella
typhimurium possess a 100 kb plasmid which when lost or 
mutated results in diminished virulence. The plasmid that 
is not essential for epithelial cell colonization may be 
required for multiplication in macrophages (Groisman and 
Saier,Jr, 1990). Moreover, the bacterial endotoxin
(lipopolysaccharide - LPS) affects virulence in at least
four ways; 1) by influencing the interaction with 
macrophages, 2) by determining sensitivity to complement,
3) by decreasing susceptibility to host cationic peptide, 
and 4) by functioning as endotoxins, i.e. eliciting a toxic 
effect to the host (Groisman and Saier, 1990) . This is 
critical to the outcome of infection since the intra­
cellular location of the bacteria provides protection from 
complement, antibiotics and antibodies and resistant to 
defensins of macrophages (Collins and Campbell, 1982). A
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proportion of the bacterial population is likely to survive 
for a prolonged time leading to chronic infection and the 
carrier state. The resulting enteritis causes shortening of 
the villi, degeneration and abnormal extrusion of 
enterocytes, increased emptying of goblet cells and a 
neutrophilic reaction in the lamina propria accompanied by 
trans-epithelial migration of neutrophils into the lumen.
In chickens and calves infected with Salmonella, the 
thrombi visible in the vessels of the lamina propria during 
the early course of enteritis ultimately cause damage to 
the vessel walls. The bacteria are found in Peyer's patches 
and are accompanied by infiltration of phagocytes (Clarke 
and Glyes, 1986). The free and engulfed bacteria in the 
mucosa and sub-mucosa are transported via the lymphatics to 
the regional lymph-nodes which become involved in mounting 
an inflammatory response. From the lymph-nodes, Salmonellae 
travel via the efferent lymphatics, to the blood and then 
are filtered out of the circulation by the mononuclear 
phagocytes particularly in the intestine and liver. In 
mice. Salmonella grow relatively slowly and have a 
generation time of 2.9 hours. The release of several 
bacterial products like enterotoxins, endotoxins 
(lipopolysaccharide) and cytotoxins in the circulation can 
account for many systemic effects of infection like fever, 
vascular damage and cellular and humoral changes in blood 
composition (Clarke and Gyles, 1986).
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1.6: BIOLOGICAL IMMUNOSUPPRESSION.
Antigen presenting cells (AFC) (such as macrophages, 
monocytes, and dendritic cells) and lymphocytes are the 
chief immunocompetent cells. The immune response manifests 
in the form of specific and non-specific activation of 
these cells which is the result of a complex interaction of 
cellular and humoral factors. As a result of this 
complexity, the studies concerning immunomodulatory agents 
(biologicals or chemicals) and their mechanisms of 
immunosuppression are difficult to perform and interpret. 
In recent years, evidence has been obtained to suggest that 
a number of different chicken viruses such as infectious 
bursal disease virus (Saif, 1991), chicken anemia agent 
' ISrl' highly virulent strains of NDV (Pope, 1991);
bacterial pathogens, mycotoxins and nutritional and stress 
factors may exert immunosuppressive effects. Alterations in 
the phenotype and function of immunocompetant cells or 
immune-associated lymphoid organs such as the bursa of 
Fabricius and the thymus have been reported in association 
with infectious agents (Montgomery et al., 1986). Reports 
of functional abnormalities of immunocompetant cells have 
included reduction in 1)lectin/antigen induced 
lymphoproliteration, 2) antibody response to known antigens 
such as NDV, sheep RBC, Brucella antigens etc, and 3) the 
phagocytic activity and the antigen presenting capacity of 
macrophages (Montgomery et at., 1986; Bumstead and Payne, 
1987). Mycoplasma meliagridis infection in turkeys was
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found to suppress humoral immunity to non-replicating S. 
pullorum organisms. The humoral responses in such cases 
were comparable to that of bursectomised chicks. This 
suppression was more evident in secondary responses 
indicating that the ability of infected chickens to 
synthesis IgG was affected more readily than other 
immunoglobulin classes (Ortiz et al., 1981).
1.6.1: SALMONELLA INDUCED IMMUNOSUPPRESSION.
In recent years, evidence has been gathering which 
indicates that Salmonella infection may cause 
immunosuppression in a number of animal models. When S. 
typhimurium (vaccinal strain SL3235) was inoculated intra- 
peritoneally in mice (5X10^  cells/mouse), splenocyte 
proliferation in response to a panel of B and T cell 
mitogens was clearly suppressed. This effect was maximal at 
1-3 week post-vaccination. The removal of macrophages, but 
not B and T cells, restored responsiveness indicating that 
suppression was macrophage-mediated. In contrast to this, 
animals which received acetone-killed Salmonella showed a 
normal proliferative response (Lee et al., 1985).
S. typhimurium and L, monocytogenes infections have 
been shown also to cause a reduced proliferative response 
to mitogens in murine splenocytes (Brunner and Kroll, 
1989). This decreased response did not relate to the level 
of antibody production in the mice.
The exact mechanism of Salmonella induced
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immunosuppression is not known. Recently a number of in 
vitro experimental studies indicate that the LPS (an 
important constituent of all Gram negative bacteria) 
induces prostaglandin Eg (PGEg) production from mammalian 
macrophages and this has an inhibitory effect on the 
expression of MHC class II antigens (Auger and Ross, 1992: 
Jordon et al., 1988). Such expression on the surface of 
cells (ARC) is a necessary step in antigen presentation 
(Snyder et al., 1982: Steeg et al., 1982: Hirschberg et
al., 1982: Ayala et al., 1990: Lu et al., 1984: Lu et al., 
1979). Although, the exact pathway of PGEg-induced 
suppression of antigen presentation is not known, but 
recent studies have shown that PGEg elevates the level of 
cAMP which inhibits the activation of Na^/H^pump the 
activity of which is required for MHC Class II gene 
expression (Adam and Hamilton, 1992).
1.7: OBJECTIVES.
Since field observations have indicated that Salmonella 
infections are common at poultry farms and such infections 
in mice induce immunosuppression, therefore, the effects of 
S. gallinarum infection on the following in vitro 
functional capacities of macrophages and lymphocytes were 
examined:
1) the phagocytic efficiency and hydrogen peroxide
release from chicken peritoneal exudate macrophages
(PEM$),
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2) the antigen-specific proliferation and antibody 
production by NDV stimulated chicken splenocytes.
To execute these facts, it was necessary to establish 
optimal criteria for the in vitro study of chicken
macrophages and their role in specific and non-specific 
immune responses. Therefore, this project also includes 
the investigation of:
1) The most efficient irritant for the generation of 
chicken PEM$,
2) The optimum culture conditions for chicken
macrophages.
3) The role of antibody-mediated opsonisation on the 
phagocytic efficiency of chicken PEM,
4) The RB activity of chicken PEM,
5) The in vitrof antigen-specific, proliferation of 
chicken splenocytes,
6) The effect of nylon-wool fractionation of chicken 
splenocytes on antigen-specific proliferation,
7) The method for measuring chicken splenocyte
proliferation,
8) The in vitro production of antigen-specific
antibody.
2: MATERIALS & METHODS
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2.0: MATERIALS AND METHODS
2.1: CHICKENS.
Female White Leg Horn chickens (MHC haplotype were
supplied by the Poultry Research Station, Houghton 
laboratory, Huntingdon, UK. and were kept under free range 
conditions at the Manor Farm, University of Surrey. The 
chickens were fed on 18 % protein feed and fresh water ad 
libitum.
The chickens used in this study were 5 to 8 weeks old 
and between 300 to 700 grams in weight.
SECTION - 1
2.1.1: INDUCTION AND COLLECTION OF PERITONEAL MACROPHAGES:
The irritants which included thioglycolate broth 
(Appendix A.17), saline (0.75 % NaCl) solution and Sephadex 
G-50 suspension (Appendix A.13) were injected at a dosage 
of 1.0 ml/100 g of body weight. Each irritant was injected 
using a 19 gauge hypodermic needle, 5 mm anterior to the 
oscoxie and lateral to the midline in the rear caudal part 
of the peritoneal cavity. Some of the chickens showed mild 
respiratory distress but recovered within 1-2 hours 
post-inoculation. The chickens were marked and set free 
amongst the others. The aspiration of peritoneal exudate 
cells (PEC) proved to be difficult with a standard syringe 
due to blockage of the needle with the tissues of the
51
peritoneal cavity. To overcome this problem, a harvester 
was designed which comprised a 2 ml cryotube with a series 
of 12 holes (2-3 mm diameter) drilled in four vertical rows 
(3 holes /row ) on the lower one third of the tube (Figure 
2 .^ ) . It was sterilised by autoclaving and just prior to 
harvesting the PEC, a needle (19 gauge) fitted on a 20 ml 
syringe was inserted through the tightly capped harvester. 
The chickens were sacrificed by cervical dislocation. The 
skin from the abdomen was removed and the position of the 
peritoneal cavity was located through the muscles. Thirty 
millilitres of the heparinised saline (Appendix A. 6) was 
inoculated. After massaging to suspend the PEC in the 
inoculated saline, a small incision (about one cm) was made 
on the media alba. The PEC suspension was aspirated 
aseptically from either side of the cavity with help of the 
harvester and transferred to 30 ml universal tube. The 
universal tube was kept in the crushed ice. Any sample 
contaminated with blood was discarded.
2.1.2: PREPARATION OF PEC FOR IN VITRO STUDIES:
In samples elicited using Sephadex G-50, the PEC 
suspension was kept undisturbed at 4 °C for 10 minutes to 
allow sedimentation of the particles. The supernatant was 
transferred to a 10ml conical tube and centrifuged at 400g 
for 7 minutes. The cell pellet was resuspended in RPMI-1640 
with antibiotics (Appendix A.17). The counting of PEC was 
performed using trypan blue (Evans and Schulermann, 1914)
5<l
Figure 2.9: An harvester used to collect chicken peritoneal 
exudate cells.
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(Appendix A.20-11) which differentiated viable and 
non-viable cells. The trypan blue was excluded from viable 
cells, whilst staining dead cells as blue. A 200 ul aliquot 
of PEC suspension was diluted 1:8 with trypan blue 
solution. An improved Neubauer haemocytometer was charged 
with the diluted PEC and the number of live and dead cells 
were counted using a microscope (Swift). The collection of 
PEC without contamination with chicken red blood cells 
(RBC) was found to be impossible. However, chicken RBC 
being nucleated, were easily differentiated from other PEC 
and were excluded from the count. A differential count of 
PEC was performed by making smears of the suspension on 
clean, grease-free, glass slides which were left to air 
dry. These slides were fixed with methanol 
(Appendix A.20-1) and were stained as described below.
Two drops of Wright's stain (Appendix 20-9) were poured on 
the smear, left for 30 seconds at room temperature and 
subsequently diluted with a similar volume of distilled 
water. After a further 2 minutes, the slides were washed 
under running water, air dried and examined microscopically 
under an oil immersion lens. More than 200 cells were 
counted in randomly selected microscopic fields. The cells 
were categorized on the basis of morphology, staining 
reaction, granulation in the cytoplasm and nuclear shape.
2.1.3:MACROPHAGE CULTURE.
The peritoneal exudate cells (PEC) were diluted to 1-3
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X 10^/ml in RPMI-1640 as required. An aliquot of 1 ml of the 
cell suspension was transferred to a 35 mm culture 
Petridish (Nunc) and 100 ul to each of the glass 
coverslips. These coverslips were transferred to a sterile 
petri-dish containing a filter paper soaked in sterile 
water. The culture dishes and the dishes containing the PEC 
charged coverslips were incubated at 39.6 °C : 5% COg.
For differential counts of adherent cells, the cover 
slip cultures as well as the culture dishes were washed 
with phosphate buffered saline (PBS) to remove non-adherent 
cells. The adherent cells were fixed with methanol and 
stained by Giemsa's stain (Appendix A.20-5) as given below: 
One millilitre of Giemsa's staining solution was poured 
into the culture dish and allowed to react for 2 minutes. 
The staining solution was poured off and the dishes were 
covered with 1.0 ml distilled water for 4 minutes. The 
cells were examined under oil immersion. The relative 
percentage of macrophages, heterophils and other 
contaminating cells were calculated and the percentage 
purity of macrophages determined. For determining the 
adherence rate of PEC, the culture dishes were removed from 
the incubator at 10, 30, 60 minutes and 5 hours after
incubation. The non-adherent cells were washed and the 
monolayer of adherent cells in each culture dish was 
stained with Giemsa's stain. The total number of 
macrophages and heterophils /field were counted in 20 
randomly selected microscopic fields.
For studying the morphological changes of the
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macrophages during in vitro cultivation, the dishes were 
removed from the incubator at 6, 24, 48, and 72 hours post 
cultivation. The non-adherent cells were removed and the 
monolayer of adherent cells was fixed with methanol and 
stained with Giemsa's stain. The number of individual 
macrophages and multinucleated giant cells/field and the 
number of nuclei/multinucleated giant cell were recorded in 
10, randomly selected, microscopic fields.
2.1.4: FUNCTIONAL ACTIVITIES OF MACROPHAGES.
The following functional activities of Sephadex 
recruited chicken peritoneal macrophages (PEM) were 
determined in in vitro culture.
i: Phagocytosis of sheep red blood cells (SRBC) and S.
gallinarum. 
ii: Killing of S, gallinarum.
iii: Production of respiratory burst metabolites.
2.1.4.1: MEASUREMENT OF PHAGOCYTIC ACTIVITY.
2.1.4.1.1: PREPARATION OF ANTIGEN AND HYPERIMMUNE SERA.
The SRBC and S. gallinarum were prepared to use as 
phagocytic particles and as antigens to raise polyclonal 
antisera.
a) SHEEP RED BLOOD CELLS.
Ten millilitres of blood was collected from the 
jugular vein of a sheep (Suffolk.4672)and transferred to a
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universal containing 200 ul of heparin solution. The blood 
was diluted with an equal volume of PBS (pH. 7.2) and 
centrifuged at 400 g for 5 minutes. The cell pellet was 
resuspended in 10 ml of PBS and centrifuged at 400 g for 5 
minutes. The washing procedure was repeated until the 
supernatant was clear. After the final wash, the cell 
pellet was resuspended in PBS to get 0.1% and 5 %
suspensions of SRBC. The latter was mixed with an equal 
volume of Alsever's solution (Appendix A.l) and stored at 
4°C. The 0.1 % SRBC suspension was used for raising
polyclonal anti-SRBC antiserum. An aliquot of the 0.1% SRBC 
suspension (2ml) was injected subcutaneously under the wing 
of a chicken. This dose was repeated 15 days later and 
after a further seven days, 10 ml of blood was collected. 
This sample was incubated at room temperature for 3 hours, 
the clot broken aseptically and incubated at 37 ®C for 1 
hour. The serum was aseptically separated (centrifugation 
at 400g for 10 minutes), transferred to a sterile tube and 
stored at -20 °C until use.
b) SALMONELLA GALLINARÜM..
S. gallinarum, 9 NALr was grown in 10 ml nutrient 
broth (Appendix A.9) at 37 °C for 24 hours. The bacterial 
suspension was centrifuged at 650 g for 30 minutes. The 
bacterial pellet was resuspended in 5 ml PBS. The viable 
count of the bacterial suspension was determined using the 
Miles and Misra technique (Alton et al., 1971). Finally, 
the bacterial suspension was adjusted to 2x10* organisms/ml.
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The Salmonella was killed with 0.1% formaldehyde at 37°C for 
24 hours. Complete formalinisation of this bacterial 
suspension was checked by its inability to grow in nutrient 
broth. The killed bacterial suspension was used as an 
antigen to raise polyclonal anti-Salmonella anti-serum.
A 0.5 ml aliquot of the killed Salmonella suspension 
was injected intramuscularly in a 9 month-old chicken. A 
second injection of the same dose was given 15 days after 
priming the chickens. Twenty one days after the second 
injection, 10 ml of cardiac blood was collected from each 
bird. The serum from each blood sample was separated as 
described in Section 2.1.4.1.1.a and stored at -20 °C.
2.1.4.1.2: TITRATION OF SERA.
a) ANTI-SRBC ANTISERUM.
Anti-SRBC antibodies in chicken serum were monitored 
by an haemagglutination (HA) assay. SRBC were washed three 
times by centrifugation (400 g : 4 minutes) and resuspended 
in PBS (1 % v/v). PBS (100 ul) was transferred to the 2nd 
and consecutive wells of the first row of a 96-well round 
bottomed microtitration plate (Nunc). Anti-SRBC antiserum 
(200 ul) was transferred to the first well and 100 ul of 
this serum was transferred to the 2nd well. After proper 
mixing, 100 ul solution was transferred to a third well. 
This procedure was continued across the plate thus 
producing a doubling dilution series. A 100 ul aliquot of 
the SRBC suspension (1%) was dispensed in each well. Mixing
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was ensured by gentle agitation. The plate was left 
undisturbed at room temperature (24 °C) for one hour. The 
highest dilution of serum showing HA was recorded.
b) Knti-SALMONELLA ANTISERUM.
Anti-Salmonella chicken antiserum was titrated by a 
bacterial agglutination assay. A doubling dilution series 
of the antiserum was prepared as described above. Then 100 
ul of formalin killed and methylene blue stained bacterial 
suspension (2xl0^/ml) was added to each well. The plate was 
incubated at room temperature overnight. The maximum 
dilution of serum showing bacterial agglutination was 
recorded.
2.1.4.1.3: OPSONISATION OF PHAGOCYTIC PARTICLES.
a) SHEEP RED BLOOD CELLS.
The heat-inactivated, chicken anti-SRBC antiserum was 
diluted with RPMI-1640 (Gibco) to give 1 HA unit. The SRBC 
in Alsever's solution were washed three times by 
centrifugation (400 g : 4 minutes) and finally resuspended 
in RPMI-1640 to give a 5% (v/v) suspension. Equal volumes 
of the diluted, heat-inactivated chicken anti-SRBC serum 
and the SRBC suspension were mixed in a test tube and 
incubated at 37 °C for one hour. A 2.5% SRBC suspension was 
also prepared without anti-SRBC antibodies to act as a 
control. After incubation, the SRBC were mixed, washed 
with PBS and resuspended to 5 % (v/v) in RPMI-1640. The
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sensitisation was confirmed by adding 100 ul of opsonised 
SRBC to 100 ul of fresh chicken serum and observing lysis 
of the SRBC after 10 minutes incubation at room tempera­
ture.
b) SALMONELLA GALLINARUM.
A loopful culture of 24 hours growth of S. gallinarum 
was inoculated in 5ml of nutrient broth (Difco) and 
incubated at 37 °C for 24 hours. The bacterial suspension 
was centrifuged at 1000 g for 20 minutes and the pellet 
resuspended in 10 ml PBS. Serial 10-fold dilutions of this 
culture were prepared from 1:10 to 1:10* in sterile PBS. An 
aliquot (25ul) from each of the dilutions from 1:10* to 
1:10* were spotted and spread on specific segments of a 64 
mm nutrient agar (Appendix A.9) plate. The plates were 
incubated over-night at 37 ®C and Petri-plates showing 
countable number of colonies were selected. The number of 
viable organisms in the original bacterial suspension was 
calculated using the following formula:
Total viable bacteria/ml= A X B X C
where A= average number of colonies/25 ul 
B= dilution factor
C= 40, this constant was used to 
convert number of organisms/ml 
The bacterial suspension was mixed in fresh RPMI-1640 
medium without antibiotics to give 1X10* bacteria/ml. The 
anti-Salmonella antiserum (heat-inactivated at 56 °C for 3 0 
minutes) was mixed with one aliquot of the bacterial
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suspension in RPMI-1640 to give 1.0 bacterial agglutination 
unit/ml for sensitisation. Both aliquots, the one with 
anti-Salmonella antibodies (opsonised Salmonella) and the 
other without (un-opsonised Salmonella) were incubated at 
37 °C for 30 minutes followed by incubation at 4 °C for the 
same period. The opsonised Salmonella preparation was used 
for the phagocytic assay without washing to remove 
unabsorbed antibodies.
2.1.4.1.4: PHAGOCYTOSIS ASSAY.
a) SHEEP RED BLOOD CELLS.
A 2 ml aliquot of Sephadex G-50 recruited PECs
suspension (1x10* cells/ml) in RPMI-1640 with 5% ECS were 
dispensed in each of two Petri dishes. After one hour
incubation at 37 C° in 5% COg, non-adherent cells were
removed by washing with fresh, warm, antibiotic-containing 
RPMI. To each of the dishes, a 3 ml aliquot of either 
opsonised or un-opsonised SRBC suspension in RPMI-1640 was 
added. These Petri dishes were reincubated for 30 minutes 
(37 °C : 5 % CO2) . The Petri dishes were gently flushed with 
warm PBS (pH 7.2) and stained with Wright's stain as 
described in Section 2.2.2.2: The phagocytic and non-
phagocytic macrophages were counted.
b) SALMONELLA GALLINARUM.
An aliquot (2 ml) of Sephadex G-50 recruited chicken 
PEC (2X10*/ml) in RPMI-1640 with antibiotics was transferred
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to each of the culture dishes (35 mm: Nunc) and were
incubated at 39.6®C for one hour. The non-adherent cells 
were removed by washing the culture dishes thrice with 
fresh RPMI-1640 without antibiotics and the monolayer of 
adherent cells were covered with either 2 ml opsonised or 
un-opsonised Salmonella containing RPMI-1640 (1X10*
bacteria/ml). The dishes were reincubated at 39.6°C for 30 
minutes. Then, the dishes were washed with PBS once to 
remove unphagocytosed Salmonella. The monolayer of 
macrophages with phagocytosed organisms was fixed with 
methanol and stained with Giemsa,s stain as given in 
Section 2.2.2.2: The number of phagocytic and non-
phagocytic macrophages as well as number of phagocytosed 
Salmonella/macrophage were determined.
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2.1.4.2: MEASUREMENT OF INTRACELLULAR BACTERICIDAL ACTIVITY
OF MACROPHAGES.
Two millilitres of Sephadex G-50 recruited chicken PEC 
(2X10*/ml) were pipetted into a culture dish (35mm: Nunc) 
and incubated at 39.6 °C for one hour. The non-adherent 
cells were removed by washing the dish twice with PBS and 
adherent cells were covered with 1.0 ml of medium 
containing either opsonised or un-opsonised bacteria (1X10* 
organisms/ml). One ml of the bacterial suspension was added 
to a fresh dish without macrophages to act as a control. 
All the dishes were incubated at 39.6°C,5% CO^ . The viable 
bacterial count in the control dish was determined at 0, 
60, 120, 180 minutes of incubation as described in Section 
2. I, if. 3.1). The supernatant from dishes containing either
opsonised or un-opsonised Salmonella was collected after 
one hour of incubation and the viable count determined. 
This count represented the number of unphagocytosed 
organisms. The dishes containing macrophages were washed 
twice with PBS and the monolayer covered with fresh RPMI- 
1640 without antibiotics. These dishes were reincubated at 
39.6°C , 5% CO^ . After 0, 60 and 120 minutes of incubation, 
plates were removed and washed twice with PBS. One 
millilitre of distilled water containing 0.05% tween-2 0 was 
added to each dish, incubated for 10 minutes and pipetted 
vigorously to induce cell lysis and to release bacteria. 
The viable count of the lysate was performed as described 
in section 2. ] .4.1.3.(b) and the bactericidal efficiency
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of chicken peritoneal macrophages was assessed.
2.1.4.3: RESPIRATORY BURST METABOLITES.
a) SUPEROXIDE ANION ASSAY:
Culture dishes containing chicken PEC were washed 
twice with PBS after incubation for 1 hour at 37°C. The 
adherent cells were covered with 1.0 ml of 80 uM 
cytochrome-c solution in phenol red free balanced salt 
solution (Appendix A.5). Phorbol myristate acetate (PMA)
; (Appendix A. 12 . . '.1/ at
known concentrations (between 0.06-200 nM
f : were added to the culture dishes. Dishes
were set up as control containing either macrophages and 
cytochrome-c solution alone or cytochrome-c solution with 
stimulant alone or macrophages, cytochrome-c solution and 
superoxide dismutase (Appendix A.15). All the dishes were 
re-incubated at 37 C° in 5 % COg for 90 minutes. The 
supernatants were then removed and centrifuged at 4000 rpm 
for 5 minutes. The absorbance of these supernatants was 
measured at 550 nm using a spectrophotometer (LKB, 
Biochrome, 4050). The concentration of superoxide was 
calculated by using the equation of Pick and Keisari, 
(1981) and an extinction coefficient of 21.1.
E a t 550n m =  21.1 X C X D 
where C = concentration of superoxide in mM
D = pathlength of the cuvette in centimetres
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b: HYDROGEN PEROXIDE ASSAY.
Hydrogen peroxide released from Sephadex G-50 
recruited peritoneal macrophages was measured as described 
by Pick and Keisari (1981) . Monolayers of PEM in 35 mm 
culture dishes were washed and each covered with 1 ml of 
phenol red solution (PRS: Appendix A.11). The stimulants 
such as PMA and 4-o-m-PMA were added directly to the dishes 
to give required concentration. Control culture dishes 
contained washed macrophages and PRS without stimulants. 
After incubation for the required period, the supernatant 
of each dish was centrifuged at 4000 rpm for 5 minutes. The 
cell free supernatant was made alkaline by addition of 20 
ul of 1 M sodium hydroxide which stopped any further 
oxidation of the phenol red and changed the red colour to 
dark pink. The absorbances of the test and blank samples (a 
control containing PRS but no cells) were compared using a 
standard curve and the amount of H2O2 produced was 
calculated. The results were expressed as ng H2O2 
produced/mg of macrophage protein.
C) PROTEIN MEASUREMENT.
The dishes containing adherent macrophages were washed 
once with PBS, flooded with 1.0 ml of 1 M sodium hydroxide 
and incubated overnight at 4 °C. The protein content was 
measured using a modification of Lowry's method (Ohnishi 
and Bar, 1978). After an overnight incubation with NaOH, 
the contents were pipetted to disrupt the cells. A 0.2ml
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aliquot of the cell lysate was added to a test tube and an 
equal volume of normal saline added to a second tube as a 
control. Subsequently, 2.2 ml of biuret reagent (Appendix 
A.20-2) was added to all tubes. After incubation at room 
temperature for 10 minutes, 0.2 ml of Folin and Ciocalteu's 
phenol reagent (Appendix A.20-4) was added and the tubes 
were left undisturbed for 30 minutes. Finally, the 
absorbance of the test sample was measured at 725 nm using 
the control as a blank.
The protein concentration was determined by comparison 
with a standard curve constructed using different 
concentrations of bovine serum albumen. The protein content 
of the cultured PEM was expressed as mg/ml.
2.1.5: IN VITRO STIMULATION OP CHICKEN SPLENOCYTES.
a): NEWCASTLE DISEASE VIRUS ANTIGEN.
Newcastle disease virus (NDV) vaccine, Newcadin-25 
(Pitman —  Moore company, UK) was used to
immunise the chickens. A formalinised NDV preparation in 
allantoic fluid was supplied by the Central Veterinary 
Laboratory, Weybridge, UK and was used for in vitro NDV- 
specific stimulation of splenocytes. The formalinised 
antigen was stored at -7 6°C.
b): IMMUNISATION OF CHICKENS.
Each bird was primed at 6 weeks of age by 
intramuscular injection of 0.25 ml of Newcadin-25. A first 
boost was given on 21 days post priming by the same dose
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and route of injection.
C): PREPARATION OF CHICKEN SPLENOCYTES:
About 21 days after boosting, each chicken was 
sacrificed and the spleen was removed aseptically and 
placed in a universal containing RPMI-1640 with 
antibiotics. The spleens were kept on ice until being 
transferred to a sterile petridish (64mm) containing 10 ml 
of fresh RPMI-1640. Using sterile forceps and scissors, the 
capsule was removed and the spleen macerated. The resulting 
splenocyte suspension was transferred to a sterile 
universal (30 ml) and the lymphocytes separated using 
Lymphoprep as described bel ow.
A 5 ml aliquot of splenocyte suspension was carefully 
underlayered with 5 ml of lymphoprep and immediately 
centrifuged at 600 g for 10 minutes. The buffy layer of 
splenocytes from the interface of lymphoprep and the medium 
was removed and washed twice with fresh RPMI-1640 by 
centrifugation (400 g for 7 minutes). Finally, these cells 
were mixed in 20 ml of fresh medium and a viable count was 
performed using erythrocin B as described 
'Te.yyjhé.ryjf i
d): NYLON-WOOL COLUMN FRACTIONATION OF SPLENOCYTES:
Macrophage-depleted chicken splenocytes were prepared 
by nylon wool fractionation using a modification of the 
method described by Julius et al.(1973). Briefly, 2.8 grams 
of nylon-wool fibres (4.2c 2906; Fenwal Laboratories,
67
Illinois, U.S.A.) were soaked in boiling 0.0IM EDTA 
(ethylenediamine tetraacetic acid) solution for 20 minutes, 
extensively rinsed in distilled water, packed in a 30 ml 
glass syringe fitted with a stop-cock and autoclaved for 15 
minutes (121°C) . The plunger was removed and ten ml of fresh 
growth medium was poured on the column and allowed to pass 
through it by opening the stop-cock. The splenocyte 
suspension (5 ml : lX10*/ml) was layered on and allowed to 
enter the column before closing the stop-cock. The column 
was incubated at 39.6°C for 30 minutes. The non-adherent 
cell population was eluted from the column with RPMI-1640 
and washed twice (400 g : 5 minutes) before adjusting the 
cell concentration to 3xlO*/ml in fresh growth medium.
e): IN VITRO STIMULATION OP SPLENOCYTES BY NDV.
Splenocytes and macrophage-depleted splenocytes (as 
prepared in section 2.1.^. C and D were suspended in 
RPMI-1640 to give a final concentration of 3X10* cells/ml. 
Aliquots of this cell-suspension were mixed with enough NDV 
antigen to give a final concentration ranging between 0-400 
ug NDV antigen/ml. Each of the samples was transferred to 
a 96-well, round-bottomed plate (200 ul/well: Nunc).
Culture plates were prepared in quadruplicate and incubated 
(39.6 °C: 5% COg) for 5, 6, 7 or 14 days. NDV-induced
cellular proliferation after 5, 6 or 7 days was measured by
both a [^H]-thymidine uptake assay and an MTT assay.
Cultures incubated for 14 days were assayed for anti-NDV
antibody production by splenocytes.
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f) IN VITRO STIMULATION OF SPLENOCYTES BY CONCANAVALIN A
A freshly thawed solution of concanavalin A (Con A: 
Appendix A-2) was mixed with a suspension of splenocytes to 
give the required concentrations. The splenocyte suspension 
was dispensed (in triplicate) in the wells of a flat- 
bottomed, 96-well tissue culture plate (200 ul/well: Nunc). 
Control wells contained cells alone. The plates were 
incubated at 37 °C, 5% CO2 for 72 hours and Con A-induced 
proliferation was measured using an MTT assay.
2.2.3.1: IN VITRO LYMPHOPROLIFERATION ASSAY.
a: [^]-THYMIDINE UPTAKE ASSAY:
Methyf-[^H]-thymidine (Appendix A. 19) was diluted 10 
fold in RPMI-1640 and 10 ul (1 uCi) added to each well 
containing 200 ul splenocyte suspension. The plates were 
reincubated (39.6 C° :5% CO2) for 5 hours. The contents of 
each well were harvested using an automatic cell harvester 
(ILCAN)-Figure 2.2). The filter paper discs (Flow : 78-115-
05) were transferred to a scintillation vial and 4 ml of 
scintillation fluid (Appendix A.14) was added to each. 
Radioactivity was measured using liquid scintillation B 
counter.
b: MTT ASSAY.
NDV or Con A-induced in vitro proliferation of chicken 
splenocytes was determined by an MTT assay which was a 
modification of the method of Mos-^ann (1983/. MTT solution
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Figure 2.10: An automatic cell harvester.
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(10 ul : Appendix A.8) was added to each well containing 
stimulated or control splenocytes. The plates were re­
incubated at 37 °C for 5 hours. The medium was aspirated 
from all the wells without disturbing the MTT stained 
cellular sediments. One hundred microlitres isopropanol 
(Appendix A.20-5) containing 0.04 N HCl was added to each 
well and the violet coloured precipitate was dissolved by 
vigorous pipetting. Absorbance was determined using an 
ELISA plate reader (MR-600 Dynatech) at a test wavelength 
of 570 nm using a reference wavelength of 610 nm.
2.3.3.2: IN VITRO ANTIBODY PRODUCTION.
a: POLYCLONAL ANTI-NDV ANTIBODY SERUM.
Splenocytes (3xlO^/ml) prepared in section 2.l,Ç-c, 
were mixed with 0, 4, 8, and 16 ug /ml of NDV protein. Two 
hundred microlitres of this suspension was transferred (in 
triplicate ) to the wells of a 96-well round-bottomed plate 
(Nunc) which were incubated at 39.6®C, 5% COg for 14 days as 
described in Section 2.|.5'.C. The supernatants of 
triplicate wells were collected, pooled and used undiluted 
in the indirect ELISA. For a positive control, polyclonal 
anti-NDV antiserum was raised in 6 week-old chickens as 
described in section 2.f.^ .b.
b: AN INDIRECT ELISA.
For the measurement of chicken anti-NDV antibodies by 
ELISA, a modification of the method described by Miers et
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al. (1983) was used. The protein concentration of sonicated 
NDV (donated by the Central Veterinary Laboratory, 
Weybridge, Surrey) was estimated by a modification of 
Lowry's method (section 2 _  j^4.3.c) . The antigen was 
diluted in carbonate/bicarbonate buffer, pH 9.5 (Appendix 
B-1) and a doubling dilution series performed. One hundred 
microlitres of each dilution was dispensed 
in the wells of an immunoassay plate (96 well, round- 
bottom, Nunc). The plate was incubated at 39.6°C for one 
hour. Each well was washed thrice with ELISA wash solution 
(Appendix A.4). The residual liquid was removed using a 
multichannel pipette (Gilman) and 100 ul of 3 % bovine
serum albumin solution in ELISA diluent (Appendix A.3) was 
transferred to each well to prevent non-specific binding of 
antibodies to the plate. After incubation at 37 °C on a 
rotary shaker for 20 minutes, the plate was washed and 100 
ul of each of the supernatants and positive and negative 
sera (diluted 1:100) was added. Incubation for 20 minutes 
was followed by thorough washing. The anti-chicken IgG 
antibody conjugate (Appendix A.20-1) was diluted to 1:1000, 
1:2000, 1:4000, and 1:8000 in ELISA diluent and 100 ul of 
each was dispensed in triplicate wells. The plate was again 
incubated at 37 °C for 20 minutes, washed and 100 ul of the 
substrate solution (Appendix A.16) was dispensed in each 
well. The plate was incubated at 37 °C for 30 minutes and 
the reaction was stopped by adding 50 ul of 2 M sodium 
hydroxide per well. The optical concentration was read at 
410 nm on an ELISA plate reader (Dynatech MR 600).
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SECTION-2
In order to investigate the effect of Salmonella 
infection on the immune response it was necessary to 
determine whether or not soluble products produced by the 
organism or the infected cells were able to mediate a 
similar effect to that observed with Salmonella alone. To 
this end supernatants were prepared from cultures of 
macrophages, Salmonella and Salmonella infected 
macrophages.
2.2.1-A: PREPARATION OF SUPERNATANTS FROM CONTROL AND 
SALMONELLA INFECTED MACROPHAGES:
Sephadex G-50-recruited chicken PEC suspension was 
cultivated in 96-well, flat-bottomed tissue culture plates 
(2X10^PEC/ml : 200ul/well: Nunc) and incubated at 37 °C (5% 
COg^  for one hour. The monolayers of adherent cells in one 
set of plates were covered with RPMI-1640 + 10 % ECS
(200ul/well) and in an other set with RPMI-1640 +10 % PCS 
containing 1X10* opsonised S. gallinarum (200 ul/well). The 
plates were reincubated at 37 °C, 5% COg for 5 days. The 
supernatants of normal and infected macrophages were 
harvested and sterilised by syringe filter (0.2 um ; Flow).
2.2.1-B: PREPARATION OF SUPERNATANT FROM SALMONELLA 
CULTURES:
A volume of RPMI-1640+10% FCS (100 ml) was infected 
with a loopful of a 15 hour culture of S. gallinarum. This 
medium was incubated at 37 °C (5% CO^ for 5 days. The purity
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of the Salmonella culture was assayed by slide 
agglutination using specific antisera, differential growth 
on MacConkey's agar and uniform colony character on 
Nalidixic acid containing nutrient agar (appendix A.20.g. 
The Salmonella infected medium was sterilised by syringe 
filter (Flow : Pore size 2.0 um).
All the supernatants described above were diluted to 
50% with fresh RPMI-1640.
2.2.1.1: THE EFFECT ON PHA60CYTC ACTIVITY.
Sephadex recruited chicken peritoneal exudate cells 
(2X10*cells/ml) were prepared and cultivated in six well 
plates (1 ml/well; 35 mm. Nunc) as described in section 
2.1 .3 . • The plates were incubated at 39.6 °C, (5% 00^ for 
one hour. These monolayers were covered with RPMI-1640 
containing either opsonised or un-opsonised Salmonella 
(1X10* organisms/ml; Iml/well) and re-incubated for 30 
minutes (39.6 C^ : 5% COg) . Unphagocytosed organisms were 
removed by washing twice with PBS and the remaining 
Salmonella-infected macrophages were covered with RPMI-1640 
containing either opsonised or non-opsonised SRBC. The 
plates were re-incubated at 39.6 C° : 5% CO2 for 20 minutes, 
unphagocytosed SRBC washed off with distilled water (5 
seconds) and the macrophages fixed with methanol.
In another series of experiments, the monolayer of 
adherent macrophages were covered with either RPMI-1640, or
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supernatant from cultured Salmonella, (S.RPMI), normal
macrophages (N.M) or Salmonella-infected macrophages (S.M) . 
The plates were re-incubated at 39.6 °C in 5% CO; for 4 
hours. The medium of all wells was replaced with fresh 
RPMI-1640 containing either opsonised or non-opsonised 
SRBC. The plates were re-incubated for 30 minutes (39.6 C°: 
5% CO2) and unphagocytosed SRBC removed by washing for 5 
seconds with distilled water. Each well was fixed with 
methanol.
Each well containing methanol fixed macrophages was 
stained and examined using the oil immersion objective of 
a light microscope (Swift). The percentage of phagocytic 
macrophages was determined.
2.2.1.2): THE EFFECT ON HYDROGEN PEROXIDE RELEASE.
Sephadex recruited PEC were prepared and cultivated in 
6-well tissue culture plates (2x10*cells/ml; 1 ml/well) as 
described in Section. 2.9.3. Each well was flooded with 
either fresh RPMI, S.RPMI, NMfor S Mÿand reincubated for 24 
hours. The medium was removed from each plate and replaced 
with phenol red solution. PMA was added to three wells on 
each plate with three further wells left as unstimulated 
control. The hydrogen peroxide release was measured as 
described in section . %.t.4.3.b.
2.2.1.3: EFFECT ON THE IN VITRO NDV -INDUCED RESPONSE OF 
CHICKEN SPLENOCYTES.
Splenocytes from NDV-vaccinated chickens were prepared
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as described in section 2. ! 5^ -c. The cells were diluted 
with fresh RPMI-1640 to give 6X10*splenocytes/ml and were 
aliquoted into two vials labelled as A and B. The cells of 
vial A were mixed with enough NDV antigen to give a 
concentration of 8 ug antigen/ml. The cells of vial B 
served as control. A and B were split to give a further 
four aliquots which were labelled as Al, A2, A3, A4 and Bl, 
B2, B3, B4 respectively. Al and Bl were diluted with an 
equal volume of RPMI-1640. A2,B2: A3,B3 and A4,B4 were 
diluted with an equal volume of S RPMI-/64^ M$ and S M$ 
respectively. Two hundred microlitres from each of these 
aliquots was transferred (in quadruplicate) to the wells of 
a 96-well, round-bottomed plate (Nunc). The plates were 
incubated (at 39.6 °C in 5% CO2) for either 6 days for 
lymphoproliferation or 14 days for estimating the anti-NDV 
antibody production,
2.3: DATA ANALYSIS :
Depending upon type of data, these were analysed using 
the analysis of variance (ANOVA), Ducken's multiple range 
test, Mann-whitney U test, and simple regression. The data 
regarding the percentage values were transformed into 
normal distributed data by ARCSin method before analysed by 
ANOVA (MINITAB programme, a statistical package).
3: RESULTS
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3.0: RESULTS
3.1: INDUCTION AND COLLECTION OF CHICKEN PERITONEAL
MACROPHAGES.
The chicken peritoneal cavity was found to be a
convenient site for induction and collection of macrophages 
for their subsequent use in in vitro studies. Simple 
washing of the cavity of a normal chicken with saline
solution (0.75% NaCl) failed to provide appreciable numbers 
of macrophages. However, injection of the saline, Sephadex 
G-50 or TGB, 72 hours before washing was found to be 
effective in recruiting peritoneal exudate cells (PEC) 
containing a high proportion of macrophages. The number of 
recruited PEC per bird depended on the type of irritant 
used (Table 3.4). The saline solution was least effective, 
recruiting only 1.7±0.3 million PEC compared to 8.0±2.0 
million PEC recruited by TGB. This number was significantly 
higher than that recruited by saline (p<0.01). However, the 
most effective was Sephadex G-50 which recruited 30.5±12.3 
million PEC.
The ability of Sephadex G-50 to induce PEC depended
on the precision of the injection, its dose and the
efficiency with which the peritoneal cavity was washed. 
Missing the peritoneal cavity during injection was a common 
problem. For precise injection, the plunger of the syringe 
was drawn back before peritoneal inoculation. Aspiration of 
air, intestinal content or blood was an indication that the
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TABLE 3.4: THE COMPARATIVE EFFICACY OF IRRITANTS TO RECRUIT 
CHICKEN PERITONEAL EXUDATE CELLS.
Irritant
n=3
Viable
cells/
bird
(10*)
Macrophage
(%)
Hettophils
(%)
Lymphocyte
(%)
Saline 1.7“ 47.0“ 6.0“ 47.0“
solution
(0.75%
NaCl)
± 0.3 ± 1.8 ±3.1 ± 1.4
TGB 8.0’ 40.9“ 4.9“ 54.1“
±1.8 ±12.6 ±1.8 ±11.5
Sephadex 30.4* 52.7“ 7.2“ 41.8“
G-50 ±12.3 ±11.3 ±2.8 ± 6.2
TGB-Thioglycolate broth.
The slides prepared from washed PEC were stained and 
examined microscopically. Two hundred cells were counted to 
determine the relative  ^percentage of each category of 
cells. The total viable count of PEC/bird was determined 
using trypan blue exclusion method.
Each value represents the mean ± sd of 3 independent 
experiments. In each experiment, PEC from 3 birds were 
pooled. The means within each column not sharing the same 
letter are significantly different (p < 0.01).
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needle was located in the air sac, the intestine or a blood 
vessel respectively. Injection of an irritant in the air 
sac induced respiratory distress in the chickens for 1-2 
hours. Introduction of an irritant into a blood vessel 
caused sudden death or rupture of the blood vessel. The 
latter effect was thought to be the cause of massive 
contamination of PEC with blood.
The injection of Sephadex at a dose of 2ml/100 g body 
weight on both side of the cavity recruited 86.5±26.9 
million PEC per chicken (Table 3.5). The recruitment of 
irritant induced PEC without minor red blood cell 
contamination was almost impossible.
Irrespective of the type of irritant used, PEC 
contained an average of 50% macrophages. Since these were 
the cells of interest in this study, Sephadex which induced 
the highest number of PEC containing 43.8% macrophages, was 
selected for further experiments.
PEC comprised both adherent and non-adherent cells 
(Table 3.6). The adherent property was exploited to improve 
the proportion of the macrophage population. PEC were 
incubated in culture dishes and on coverslips for 30 
minutes. Subsequent washing with PBS resulted in a 
significant increase in the percentage of macrophages 
(p<0.01). This improvement in proportion of macrophage 
population was independent of the culture substrate used. 
Moreover, it was observed that there was a significant 
increase in the percentage of heterophils (p<0.05) and a 
significant reduction in the percentage of lymphocytes
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TABLE 3.5; COMPARISON OF SEPHADEX DOSE/INJECTION SITE USED 
TO RECRUIT CHICKEN PERITONEAL CELLS.
Dose of 
Sephadex G-50 
(ml/100 g BW)
Number 
of birds 
examined
Number of Peritoneal 
exudate cells 
(PEC /bird)
Mean Sd
1 * 17 28.07 11.92
2 ** 6 86.50 26.95
* Injected on the left side of the cavity.
** An equal volume was injected on both sides of the 
cavity.
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TABLE 3.6: PURIFICATION OF SEPHADEX G-50 RECRUITED CHICKEN
PERITONEAL MACROPHAGES BY ADHERENCE.
( ^—6 ) Culture
substrate
Macrophage
(%)
Heterophil
(%)
Lymphocyte
(%)
Before
adherence
52.7*
±11.3
7.2* 
± 2.8
41.8* 
± 6.2
After
adherence
Coverslip 80.2^ 
± 5.0
7.3*
±5.9
1 2 .1 b
±7.8
Culture 
dishes(35 
mm:Nunc)
87.6^ 
± 4.4
1 2 .4 b
± 4.0 Nil
The values in each column represent the means ± sd of 6 
independent experiments. In each experiment, PEC from 3 birds 
were pooled. The values in each column not sharing the same 
superscript are significantly different, p<0.05 (ANOVA : 
Duncan's multiple range test).
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after incubation and washing of PEC in culture dishes or on 
coverslips (p<0.01). However, incubation of PEC at high 
cell concentration resulted a high percentage of 
lymphocytes of the adherent cells (12.1±7.8%).
3.2: IN VITRO CULTURE OF PERITONEAL MACROPHAGES.
The cultivation of chicken PEC without antibiotics was 
found to be prone to contamination. The use of broad 
spectrum antibiotics such as gentamycin and amphotericin B 
(an antifungal agent) in the culture medium prevented this 
problem and allowed the sterile culture of chicken 
peritoneal exudate macrophages (PEM$).
During in vitro culture, Sephadex G-50 recruited 
macrophages and heterophils adhered to polystyrene culture 
plates (Table 3.7). Adherence occurred rapidly and the 
percentage of adherent cells did not differ significantly 
over 300 minutes of incubation.
The PEM$ have the potential to adhere and subsequently 
to spread on the culture dish substrate. Maximum spreading 
occurred in the first 24 hours of incubation after which 
there was no further apparent increase.
Healthy, phase dense and well spread macrophages were 
obtained in culture but could not be maintained unless the 
medium was totally or partially replaced after 4 days of 
culture.
Extended culture of PEM$ was hampered by chicken 
fibroblasts which outgrew the monolayers of macrophages 
within 5 to 10 days. The differentiation of the
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TABLE 3.7: ADHERENCE OF CHICKEN PERITONEAL EXUDATE CELLS 
DURING IN VITRO CULTURE.
Meanisd 
(% cells)
Time of cultivation of peritoneal exudate 
cells. (minutes)
n=3 10 30 60 300 
(5-hours)
Macrophage 
numbers/field
20±4
(84.8)
23±5
(73.6)
25±5
(82.2)
22±6
(83.1)
Heterophil 
numbers/field
4±3
(15.2)
9±3
(26.4)
6±3
(17.8)
5±2
(16.5)
The PEC suspension (2ml: 2XlQb/ml: 35 mm culture dishes
:Nunc) were incubated at 39.6 °C with 5% COg. At each time 
interval, one dish was removed, washed, stained and 
examined microscopically. At least 15 fields/dish were 
counted. Each value represents the mean ± sd of the cell 
count of 3 independent experiments. In each experiment, the 
PEC were collected from one bird. The values in parenthesis 
in each column represent the % of adherent cells.
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macrophages and fibroblasts could be made at lower cell 
densities since the macrophages were phagocytic and showed 
the characteristic vacuole formation, cell shape, nucleolar 
staining and nature of spreading.
The morphological changes of the PEM$ during 72 hours 
of incubation were also examined. The PEM§ adhered and 
fused with adjoining macrophages and formed multinucleated 
giant cells (MGC) (Table 3.8). The number of individual 
macrophages at 3 hours of culture was not different from 
that recorded at 24 hours post-culture but was 
significantly different from that observed at 48 or 72 
hours post-culture (P<0.01). There was no difference in the 
number of individual macrophages/field observed at 48 and 
72 hours post-culture. The percentage of MGC gradually 
increased with the culture age of the macrophages. The 
number of MGC at 72 hours were 5 fold higher than that 
observed at 24 hours post-culture. The total number of 
nuclei/field at 3, 24, 48, 72 hours post-culture were the 
same. These results showed that the PEM$, 1) started MGC 
formation within 24 hours of incubation, and 2) did not 
multiply during in vitro culture.
In summary, Sephadex G-50 was found to be the most 
efficient irritant for recruiting PEM$. These PEM$ could be 
purified to 90-95% by adherence to culture substrate during 
first 4 hours of incubation. The viability of the PEM$ 
could be maintained for 14-18 days in in vitro culture. 
However, extended culture for more than 24 hours
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TABLE 3.8: THE MORPHOLOGICAL CHANGES OF SEPHADEX RECRUITED 
CHICKEN PERITONEAL MACROPHAGES DURING IN VITRO CULTURE.^
n=3
Time of incubation of macrophages 
(hours)
3 24 48 72
Number of 
individual 
macrophages/ 
field
13±4* 9±4* 3±4b 2±2b
% MGC% — 5 24 30
Total number of 
nuclei/field
13±4* 12±6* 8±6“ 8+6*
1. An equal volume of PEC (2 ml:1.5xlQb PEC/ml) suspension 
was added to each of 4 culture dishes (35mm:Nunc) which 
were incubated at 39.6°C (5% COg) . At each time point one 
dish was removed, washed, stained and examined 
microscopically.
The values in each row not sharing similar superscript 
are significantly different, p<0.05. (ANOVA : Duncan's
multiple range test).
2. Percent MGC were calculated as follows:
{MGC/45 fields}/{total number of cells /45 fields}X100
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resulted in MGC formation and the appearance of 
fibroblasts. Based upon this information, it was decided to 
use the PEM§ within the first 24 hours of studies of 
culture for in vitro phagocytic and bactericidal activity.
3.3: PHAGOCYTIC ACTIVITY:
The phagocytic activity of the PEM$ was investigated 
by incubating them with opsonised and non-opsonised sheep 
red blood cells (SRBC) as shown in Table 3.9.
When non-opsonised SRBC were used, 52.1% macrophages were 
phagocytic whilst with opsonised RBC, more than 80% 
macrophages were phagocytic. Opsonisation of SRBC not only 
enhanced the percentage of phagocytic macrophages but also 
increased the number of SRBC phagocytosed per macrophage. 
Of the cells which phagocytosed the opsonised SRBC, 89 % 
internalised more than 3 SRBC per macrophage. In contrast 
to this, only 35.5% of those cells which phagocytosed non- 
opsonised SRBC phagocytosed more than 3 SRBC/macrophage.
The degree of opsonisation also effected the 
phagocytic activity of PEM$. It was observed that 0.25 HA 
unit of antibody failed to opsonise SRBC efficiently. The 
percentage of macrophages phagocytic to such SRBC was the 
same as that observed with non-opsonised SRBC (54 and 52 % 
respectively). However, the phagocytic efficiency of 
macrophages (i.e. the number of SRBC phagocytosed per cell) 
was increased; 76 % of phagocytic macrophages internalised 
more than 3 SRBC opsonised with 0.25 HA unit compared with 
35.5% of the cells exposed to non-opsonised SRBC.
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TABLE 3.9: EFFECT OF OPSONISING ANTIBODY CONCENTRATION ON 
THE PHAGOCYTIC ACTIVITY OF CHICKEN MACROPHAGES**
Antibody Phagocytic % distribution of phagocytic cells 
(HA units) macrophages on the basis of RBC*/macrophage
(%)   ----------------------
1-2 3-4 5-6 7-8 9-10 >11
0.00 52.1 64.5 30.9 04.5 00.0 00.0 00.0
0.25 54.2 23.8 26.2 31.0 04.8 07.1 07.2
0.50 86.5 09.9 19.8 15.8 23.8 15.8 16.8
2.00 99.1 10.9 11.9 12.9 10.9 19.8 26.7
* The 5 % sheep red blood cells were incubated (37°C) with 
0.25, 0.5 and 2.0 haemagglutinating (HA) units of anti-SRBC 
antibodies for 30 minutes. The opsonised SRBC were washed 
and resuspended in RPMI-1640+10 FCS to give 5% suspension.
** The monolayer of chicken PEM$ in each well was covered 
with either of these opsonised SRBC and incubated for 30 
minutes for phagocytic interaction. Then each well was 
washed with distilled water for 5 seconds. The macrophage 
monolayer in each well was fixed with methanol and stained 
for microscopic examination.
In this experiment , PEC from three birds were pooled 
from 3 birds.
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Opsonisation of SRBC with 0.5 or 2 units of HA were equally 
effective and the macrophages exposed to such opsonised 
SRBC were 86.5 and 99.1 % phagocytic respectively. In both 
cases, more than 90 % phagocytic macrophages internalised 
more than 3 SRBC per macrophage.
The dose of Sephadex and the site of inoculation used 
to recruit the PEM$ affected their phagocytic activity 
towards non-opsonised SRBC (Table 3.10). It was observed 
that a double dose of Sephadex G-50 (single doses being 
injected on both sides of the peritoneal cavity) 
significantly reduced their phagocytic percentage toward 
non-opsonised SRBC compared to that of cells recruited by 
a single dose injected on the left side of the cavity 
(p<0.05). By contrast the dose/site of inoculation of the 
Sephadex did not affect their phagocytic activity toward 
opsonised SRBC.
The effect of culture age on the phagocytic activity 
of macrophages was also examined (Table 3.11). One hour 
after culture, 76.5% of the macrophages were phagocytic. 
Although, this percentage was lower than that observed at 
3, 5 or 24 hours culture but the phagocytic efficiency of 
these cells at different time of culture age was the same. 
These results indicated that the periods of culture 
examined had no effect on the assay.
The effect on the percentage of phagocytic macrophages 
of length of exposure of PEM$ to non-opsonised and 
opsonised SRBC was examined (Table 3.12). When exposed to 
non-opsonised SRBC for 10 minutes, only 1.7±1.2 % of the macrophages
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TABLE 3.10: EFFECT OF SEPHADEX DOSE ON THE PHAGOCYTIC
ACTIVITY OF CHICKEN PERITONEAL MACROPHAGES
Dose of Sephadex G-50 
(ml/100 g BW)
Percentage of phagocytic cells 
(Mean ± sd)
Non-opsonised
SRBC
Opsonised SRBC
1 * 46.66±13.2b 86.82±3.1*
2 ** 13.45±3.6* 84.81+5.7*
* Injected on left side of the cavity, PEC from 3 birds 
were pooled..
** Equal volume injected on both sides of the cavity, PEC 
from one bird were used.
Each value represents mean ± sd of 3 independent 
experiments. The values in each column not showing similar 
superscript are significantly different, p<0.000 (student 
T test).
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TABLE 3.11: EFFECT OF CULTURE AGE ON PHAGOCYTIC ACTIVITY OF 
CHICKEN MACROPHAGES*
Time post- Phagocytic % distribution of phagocytic
cultivation macrophage cells on the basis of number of
(hours) (%) SRBC/macrophage**
1-2 3—4 5—6 7-8 9-10 >11
1 76.5 09.9 19.8 15.8 23.8 15.8 16.8
3 82.0 16.7 21.3 20.2 14.3 08.3 16.7
5 90.0 05.3 19.2 09.6 11.7 23.4 30.9
24 88.0 05.3 25.5 14.9 16.0 21.3 16.5
* PEC from 3 birds were pooled and incubated for 3
minutes. The adherent cells were washed and medium was 
replaced with fresh RPMI-1640 and cells were left in 
incubator for different times before an assay.
** Five % SRBC were opsonised with 0.5 HA units of anti- 
SRBC antibody at 37°C for 3 0 minutes. The same SRBC were 
used at all times of phagocytic assay.
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TABLE 3.12: EFFECT OF EXPOSURE TIME ON PHAGOCYTIC ACTIVITY 
OF CHICKEN PERITONEAL MACROPHAGES.
Time of phagocytic 
reaction 
(minutes) n=3
Phagocytic (meanisd %)*
Non-opsonised
SRBC
Opsonised
SRBC
10 1.7±1.2* (1) 40.2±5.8* (4)
20 12.0±4.9b (1) 72.6±10.8b (8)
30 10.2±1.0b (1) 85.7±2.2" (9)
* Each value represent the mean ± sd of % phagocytic cells 
of 3 independent experiments. In each experiment, PEC were 
collected from one bird. The values in parenthesis indicate 
the number of SRBC/macrophage.
** The values in each column^^ not sharing similar 
superscript are signif icantly^ '^^'p<0.05 (ANOVA: Duncan's
multiple range test).
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were phagocytic and only phagocytosed one SRBC per 
macrophage. Exposure to SRBC for 20 minutes significantly 
increased the percentage of phagocytic macrophages 
(12.0±4.9%) but did not effect the phagocytic efficiency. 
After 30 minutes exposure, there was neither an increase in 
phagocytic percentage nor efficiency of the macrophages. 
Whereas the macrophages exposed to opsonised SRBC for 10, 
20, 30 minutes showed a gradual and a significant increase 
in the percentage of phagocytic cells (p<0.05).
The comparative efficacy of the PEM§ to phagocytose 
S. gallinarum or SRBC is shown in Table 3.13 and the 
chicken PEM$ which have phagocytosed Salmonella or SRBC are 
shown in Plate 3.1. The chicken PEM$ were equally effective 
in phagocytosing S. gallinarum or SRBC. However, like that 
of SRBC, the opsonisation of S. gallinarum not only 
increased the percentage of phagocytic macrophages but also 
improved the phagocytic efficiency.
3.4: INTRACELLULAR BACTERICIDAL ACTIVITY.
The intracellular bactericidal activity of chicken PEM 
was examined and the results are shown in Table 3.14. It 
was found that there was a reduction in the viable count of 
Salmonella incubated with macrophages for 60 minutes 
compared to control cultures {Salmonella without 
macrophages). The viable count in the supernatant of 
macrophages incubated with opsonised Salmonella was lower 
than in that containing non-opsonised organisms. Moreover, 
it showed that counts of phagocytosed-non-opsonised
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TABLE 3.13: THE COMPARATIVE EFFICACY OF THE MACROPHAGES TO
PHAGOCYTOSE SALMONELLA GALLINARUM AND SHEEP RED BLOOD CELLS
Phagocytic
particles
Percentage of phagocytic 
macrophages (meanisd)*
Non-opsonised Opsonised
S. gallinarum 
**
12.5±6.8 78.8±15.7
SRBC *** 13.9±2.9 82.8±6.0
* There is no difference in phagocytic activity of chicken PEM§ 
to S, gallinarum or SRBC (Student's T test).
** The washed S. gallinarum suspension (1000X 10** organisms /ml) 
was opsonised with 0.5 unit of agglutinating antibody at 4°C for 
overnight.
*** The washed SRBC (5 % suspension) was opsonised with 0.5 HA 
of antibody at 37°C for 3 0 minutes.
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TABLE 3.14: INTRACELLULAR BACTERICIDAL ACTIVITY OF CHICKEN
PERITONEAL MACROPHAGES*.
n=5
Viable
phagocytosed
bacteria.
(%) ** 
on 60 minutes 
post­
incubation
Intracellular viable 
bacteria (%) 
Time after 
phagocytosis (min).
60 120 180
Non-
opsonised
Salmonella
59.9 7.9 14.1 31.5
Opsonised
Salmonella
80 18.7 13.6 40.58
Control. No-macrophages. 
(% bacteria x 100)
1 6.5 89.4
* The adherent monolayer of chicken PEC was overlayered with S. 
gallinarum (Ratio= 2.5" organisms / PEC ) . The culture dish
that contained the organism without macrophages served as 
control. After one hour incubation (39.6°C : 5% COg) , the 
supernatant from macrophages covered with Salmonella was pooled 
and the viable bacterial count was determined and the viable 
phagocytosed bacteria were calculated. The dishes were washed 
twice with PBS and covered with RPMI-1640. At each time point, 
the macrophages were lysed and the viable bacterial count of the 
cell lysate as well as control samples was determined.
** This was calculated by subtracting viable count of 
supernatant of macrophages from that of control.
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organisms went on increasing at different points of the 
macrophage lysate examination. There was a reduction in 
viable count of phagocytosed-opsonised organisms compared to 
phagocytosed non-opsonised organisms at 60 minutes incubation 
but latter counts increased at the same rate as that of non- 
opsonised organisms.
3.5: RESPIRATORY BURST METABOLITES.
Sephadex recruited chicken PEM$ released respiratory burst 
(RB) metabolites during in vitro culture. In the present study 
only release of superoxide and hydrogen peroxide was estimated. 
Since the percentage of macrophages in the PEC from different 
birds varied considerably, addition of a specific number of PEC 
per dish in different experiments meant that the number of 
adherent macrophages per dish varied. The amount of RB 
metabolites was greatly influenced by the number of adherent 
cells. Thus, the amount of superoxide or hydrogen peroxide 
released from the cells in each dish was expressed per mg 
adherent cell protein to compensate any difference in cell 
number/culture dish.
3.5.1: PROTEIN CONTENT OF MACROPHAGES.
The protein content of monolayers used for assaying the 
release of RB metabolites was measured (Section 2.1.4.3.c). The
JaYoit'i 7) of
absorbance of ^ experimental cultures were compared with a 
standard curve, constructed using a known concentration of BSA 
(Figure 3.11). The relationship between cell number and protein 
concentration is shown in Figure 3.12. As expected, there was
Figure 3.11: Standard curve for protein
estimation.
O.D at 725 nm.
0.8
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0.4
0.2
12010060 8040200
Protein concentration (mg/di)
Each point represents the mean ± sd of 4 independent 
experiments.
%Figure 3.12: Relationship between cell 
density and protein concentration.
Protein concentration (Log mg/ml).
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0.4
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The protein content of the adherent cells of chicken 
PEC was determined (modified Lowrey's method).
Each point represents the mean ± sd of 6 independent 
experiments.
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an increase in the protein content when the cell concentration 
/dish was increased. The mean protein content of adherent cell 
monolayers from 1x10^ PEC was 0.20±0.01 mg.
3.5.2: SUPEROXIDE ANION PRODUCTION.
Chicken PEM$ release a substantial amount of superoxide 
anion in response to PMA. This product oxidised the cytochrome 
C, a reaction that was detectable at a particular wavelength. 
In order to determine the optimum wavelength for measuring this 
reaction, the cell free supernatant from four wells containing 
PEM$ covered with cytochrome-C + PMA solution was read at 545, 
550, 555, and 560 nm on a Biochrome, 4050-spectrophotometer. The 
results are shown in Figure 3.13. At each wavelength the 
absorbance of each sample was different but the relative 
difference in their O.D at each wavelength was the same. The 
results showed that a wavelength of 550 nm was best at 
differentiating between the reduced and the oxidised form of 
cytochrome C. Thus, in subsequent experiments, the superoxide 
anion released from PEM$ was measured at a wavelength of 550 nm 
and the concentration was calculated using following equation:
Ex=55o=21.1 X C X D 
where C = the concentration of superoxide
anion (mM).
D = the path length of the cuvette(cm)
21.1= the extinction coefficient.
E = the absorbance at 550 nm.
It was observed that unstimulated chicken PEM$ did not release
40
Figure 3.13: Optimum wavelength for an 
estimation of superoxjde anion
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Four samples of the adherent cells of chicken PEC (one 
million PEC / ml) , covered with cytochrome-c solution 
were incubated (37 °C : 5% CO^ ) for 90 minutes. The 
absorption of the each supernatant solution was 
examined at different wavelengths.
L superoxide anion during in vitro culture. However, these PEM$ 
were highly responsive to PMA and the amount of super oxide anion 
released in response to different concentrations of PMA is shown 
in Table 3.15. PEM* stimulated with PMA at concentrations of 
0.5, 5, 50, 100 nM released 6.5±2.4, 3.9±2.4, 80.7±20.6 and
64.7±13.8 uM superoxide /mg adherent cell protein respectively. 
There was not a difference in superoxide anion released by PEM* 
in response to either 50 nM or 100 nM PMA but this amount was 
significantly higher than that released in response to 5 nM PMA. 
The amount of superoxide release from PEM* was greatly 
influenced by cell concentration (Figure 3.14). There was not 
a difference between the mean concentration of superoxide anion 
released by either 0.5, 2, 4,or 8 million cells/dish. The
superoxide anion released by one million cell/well was 
significantly higher than that of released by any other cell 
concentration (p<0.01).
The effect of the age of PEM* on the amount of superoxide 
release is shown in Table 3.16. It had been observed that 
superoxide released by PEM* was inversely proportional to the 
time for which they were cultivated before an assay. Maximum 
superoxide released occurred after PEM* had been cultured for 
4 hours. A significant reduction in this level was seen at 24 
hours after culture (p<0.001) and PEM* became un-responsive to 
PMA after 48 hours incubation. This suggests that Sephadex G-50 
elicited PEM* may be primed during recruitment and hence were 
highly responsive to PMA and during in vitro, evantualy became 
un-responsive to PMA over 48 hours incubation.
The effect on the release of superoxide of the length of
)ÿO
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Figure 3.14:Effect of cell concentration 
on superoxide anion release from tfie 
macrophages.
Superoxide (uM/mg cell protein)
150 -
100 -
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8.0
The adherent cells of chicken PEC, were incubated (37 
°C : 5% CO2) for 60 minutes. Each bar represents the 
mean ± sd of superoxide from 3 independent 
experiments. In each experiment, the PEC from 3 birds 
were pooled .
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TABLE 3.15: EFFECT OF PMA CONCENTRATION ON SUPEROXIDE RELEASE 
FROM CHICKEN PERITONEAL MACROPHAGES.
PMA concentration 
(nM)
Superoxide anion release 
(uM/mg of cell protein)
Mean Sd
0.0 0. 00“ 0.00
0.5 6 .5 b 2.4
5 3 .9 b 2.4
50 80.7 c 20.6
100 64.7° 13.8
The monolayer of adherent cells (1 million PEC/dish) was covered 
with 1 ml of cytochrome c solution containing different 
concentration of PMA and incubated for 1 hour. The superoxide 
release was estimated. The values not sharing similar 
superscript letter are significantly different (p<0.05 :
Duncan's Multiple Range Test: ANOVA).
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TABLE 3.16: EFFECT OF CULTURE AGE ON SUPEROXIDE RELEASE FROM 
CHICKEN PERITONEAL MACROPHAGES.
Culture age 
(Hours) 
n=3
Superoxide anion release 
(uM/mg of cell protein)
Mean Sd
4 41.8“ 5.6
24 g.gb 2 . 0
48 0 .0 ° 0 . 0
The monolayer of chicken PEM* (1 million PEC /dish) were 
incubated for 4, 24 and 48 hours and at each time point,
superoxide of one culture dish was estimated. The values not 
sharing similar superscript letter are significantly different 
(p<0.000 : Duncan's Multiple Range Test:ANOVA).
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incubation of cytochrome-c+PMA with PEM* is shown in Table 3.17. 
It was observed that there was not a difference in superoxide 
released within 30, 60 or 90 minutes of incubation. Similarly, 
there was not a difference in the amount of superoxide released 
within 60, 90 or 120 minutes. The amount of superoxide released 
within 1 2 0  minutes of incubation was significantly higher than 
that released within 30 minutes (P<0.01). This indicated that 
maximum superoxide release could be achieved by incubating PMA- 
stimulated PEM* for 120 minutes before assay.
3.5.3: HYDROGEN PEROXIDE PRODUCTION.
The hydrogen peroxide released by PEM* was measured by the 
phenol red method (Section 2.f .4 .3 ,b). It was observed that
hydrogen peroxide released from the chicken PEM oxidised the 
phenol red solution (PRS) resulting into formation of a 
colorimetrically detectable compound. This reaction was found 
to be horseradish peroxidase-dependent. In order to determine 
the optimum wavelength for detection of hydrogen peroxide 
formation, known concentrations of hydrogen peroxide were mixed 
with PRS, incubated for 15 minutes and the pH adjusted to give 
alkaline solution. A positive correlation was found between 
different concentrations of hydrogen peroxide and absorption at 
590, 600, 610, 620 and 630nm, the correlation coefficients (r) 
being 0.690, 0.898, 0.992, 0.989 and 0.989 respectively (Figure 
3.15). The hydrogen peroxide mediated oxidation of PRS was most 
accurately determined using a wavelength of 610 nm. This 
precluded the micro-plate modification of this technique since 
available plate readers were equipped with filter of either 590
0 l\
Figure 3.15: Optimum wavelength for an 
estimation of hydrogen peroxide
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The hydrogen peroxide, diluted in PRS, were incubated 
(3 7  °c : 5% CO;) for 15 minutes and the absorption of 
each dilution was determined. Each point represents 
the mean of 3 independent experiments.
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or 630 nm. Thus, the experiments were performed using a 
spectrophotometer (Biochrome, 4050).
The hydrogen peroxide release from Sephadex G-50 recruited 
chicken PEM$ is shown in Figure 3.17: The cells secreted a 
detectable level of hydrogen peroxide in the first 4  hours of 
in vitro culture (25.9±1.5 nM) . However, it was not known 
whether this was the property of chicken residential macrophages 
or was the effect of Sephadex G-50 recruitment. These 
macrophages were highly responsive to the co-carcinogens PMA and 
4-0-methyl-PMA (Figure 3.17 and 3.16). The amount of hydrogen 
peroxide released in response to different concentrations of PMA 
is shown in Figure 3.17. It was found that concentrations of PMA 
below 0.6 nM were ineffective. A concentration of 25 nM PMA 
stimulated a significantly higher amount of hydrogen peroxide 
release from macrophages than 6  nM (p<0.01) but this amount was 
significantly lower than that induced by either 50 or 100 nM 
(P<0.01). The amount of hydrogen peroxide released from 
macrophages in response to 200 nM PMA was not significantly 
different to that released in response to either of 25, 50 
or lOOnM PMA (p<0.01). These results indicated that maximum 
hydrogen peroxide was obtained using 100 nM PMA.
The effect on hydrogen peroxide release of incubation time 
of macrophage monolayers with PRS was examine d (Figure 3.18). 
It was found that after 3 0 minutes, a detectable amount of HgO; 
released from macrophages which reached maximum at 60 minutes, 
which did not increase on further incubation. The trend of 
release of hydrogen peroxide at different times of incubation 
was the same in PMA stimulated or un-stimulated macrophage.
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Figure 3.16: Hydrogen peroxide release 
from the macrophages in response to 
4-0-M-PMA
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The adherent cells of chicken PEC (3xlO^/ml) were 
incubated (37 °C : 5% CO^ ) with PRS containing 4-0-M- 
PMA for 90 minutes. Each bar represents the mean of 
triplicate observations of one experiment. In this 
experiment, the PEC from 3 birds were pooled.
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Figure 3.17: Effect of PMA concentration
on hydrogen peroxide release from the
macrophages
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The adherent cells of chicken PEC (one million 
cells/ml) , covered with one ml of PRS containing PMA, 
were incubated (37 °C : 5% COg) for 60 minutes. The 
hydrogen peroxide release was measured. Each point 
represents the mean ± sd of triplicate observations of 
one representative experiment. In this experiment, the 
PEC from 3 birds were pooled.
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Fig u re  3.18: Rate of h y d r o g e n  p e r o x id e  
p r o d u c t i o n  by th e  m a c r o p h a g e s
Hydrogen pero x id e (n M /m g  of cell p ro te in )
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u n stim u la ted  cells  ^ PMA stim u la ted  cells
The adherent cells of chicken PEC (1x10* cells/ml) were 
incubated (37 °C : 5% COg) with PRS containing PMA
(50nM) . Each point represents the mean ± sd of 
triplicate observations of one representative 
experiment. In this experiment, the PEC were pooled 
from 3 birds.
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TABLE 3.17: RATE OF SUPEROXIDE RELEASE FROM PMA STIMULATED
CHICKEN PERITONEAL MACROPHAGES.
Incubation time 
(minutes)
Superoxide release 
(uM/mS- of cell protein)
Mean Sd
30 35.9* 3.9
60 36.2“ 4.6
90 41.4“ 7.2
1 2 0 55.5* 2.7
The monolayers of chicken PEM$ (1 million PEC/ml) were incubated 
with 1  ml of cytochrome c solution and superoxide release at the 
each time point was estimated. The values not sharing similar 
superscript letter are significantly different (p<0.01 iDuncan's 
Multiple Range test : ANOVA)
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The effect of cell concentration on hydrogen peroxide release 
is shown in Figure 3.19. A positive correlation was found 
between the amount of hydrogen peroxide released and the cell 
concentration (r=0.99). There was a greater variation in 
hydrogen peroxide release at or above a cell concentration of 
4xl0*cells/dish and there was not a significant difference in 
hydrogen peroxide release from 4 or 8x10* cells/dish. Thus, in 
subsequent experiments, a cell concentration 2 xl0 *cells/well was 
used.
The effect of macrophage-culture-age on hydrogen peroxide 
release is shown in Figure 3.20. The PEM§ (2x10* PEC /well) were 
incubated at 37 °C with 5% COg for 2, 24 and 48 hours before PMA 
stimulation. The results showed that the amount of hydrogen 
peroxide released from PMA stimulated or unstimulated chicken 
PEM$ was inversely proportional to the time for which they were 
incubated before assay. These results also showed that un­
stimulated PEM# secreted as much hydrogen peroxide after 2 hours 
culture as that released by PMA stimulated PEM$ after 24 hours 
culture. This suggests that, with respect to hydrogen peroxide 
release, Sephadex recruitment caused activation that was lost 
after extended in vitro culture.
3.6: IN VITRO IMMUNE RESPONSE OF CHICKEN SPLENOCYTES.
The splenocytes from Newcastle Disease Virus (NDV) 
vaccinated chickens proliferated and secreted anti-NDV 
antibodies during in vitro culture in response to NDV antigen.
The spleens from NDV vaccinated chickens collected on 21-28 
days post-boosting did not show an apparent difference in size
If/
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Fig u re  3 .19:Effect  of cel l  c o n c e n t r a t i o n  
on h y d r o g e n  pe rox ide  r e l e a s e  f r o m  t h e
m a c r o p h a g e s .
Hydrogen peroxide (n g /m g  cell p ro te in )
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The adherent cells of chicken PEC, covered with PRS 
containing PMA (50nM) were incubated (37 °C : 5% CO2) 
for 60 minutes and their hydrogen peroxide release was 
determined. Each bar represents the mean ± sd of 6  
observations of 2 independent experiments. In each 
experiment, the PEC from 3 birds were pooled.
Figure 3.20;Effect of macrophage culture 
age on hydrogen peroxide release
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The adherent cells of chicken PEC (2x10* cells/ml) 
covered with PRS containing PMA, were incubated 
(37 °C : 5% CO2) for 60 minutes. Each point represents 
the mean ± sd of 6  observations of 2  independent 
experiments. In each experiment, the PEC from 3 birds 
were pooled.
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compared to those from un-vaccinated chickens. After removal of 
the splenic capsule and slight maceration of the tissue matrix, 
splenocytes released into the medium. Such preparations were 
contaminated with red blood cells and so were purified on the 
concentration gradient medium-Lymphoprep. This purified 
preparation of splenocytes composed more than 90% viable cells. 
The number of cells per spleen varied between 0.6X10’and 1x10^ 
cells. Examination of such cells from NDV vaccinated chickens 
contained 20-50% large, irregular, and phase dense cells.
These splenocytes when exposed to NDV antigen in in vitro 
culture showed blast formation. Microscopic examination of the 
culture indicated that blast cells appeared on the 3 rd day after 
incubation in wells containing NDV. The blast cells were large, 
irregular and glistening (Plate 3.2). These cells, when stained 
with Giemsa's stain, had a large central nucleus surrounded by 
a thin layer of cytoplasm (Plate 3.3). The macrophages in wells 
containing NDV-stimulated splenocytes could not observed due to 
cell clustering, while in control wells (on 1 2  th day of 
culture), the macrophages were healthy, phase dense, shining, 
adherent and well spread (Plate 3.4).
The splenocyte culture was stimulated with formalinised NDV 
antigen in allantoic fluid. This antigen which was stored at -76 
°C, fractionated into a clear straw-coloured supernatant and a 
white precipitate on first thawing. This separation necessitated 
the determination of the effect of cycles of freezing and 
thawing on the NDV titre in these fractions (Figure 3.21). It 
was found that sedimentation of precipitated protein during 
repeated cycles of freezing and thawing gradually reduced the
IIM
Figure 3.21: Effect of freezing and 
thawing on haemagglutination titre of 
NDV samples.
HA titre of NDV (Log of base 2)
Unfractionated
Cycles of freezing and thawing
Sediment I I Supernatant
On first thawing, the samples (NDV in allantoic fluid) 
were divided as un—fractionated, sedimented 
precipitate and clear supernatant and were stored at 
-76 °C. Their haemagglutinating titres were determined 
after different cycles of freezing and thawing.
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NDV titre in the supernatant, as assessed by haemagglutination 
test (HA). The virus might be adsorbed on the precipitated 
protein. Based upon these observations, the clear fluid from the 
sample was separated on first thawing and its protein content 
was 4 ug/ml. This clear fluid was stored at -76 °C and each time 
a known volume was used to stimulate the chicken splenocytes.
Initially, the aim was to establish an MTT assay to measure 
the proliferation of chicken splenocytes. Concanavalin-A (Con-A) 
was used to induce proliferation.
3.6.1: CONCANAVALIN-A INDUCED PROLIFERATION:
The concentration of Con-A required to induce the 
proliferation of chicken splenocytes was determined (Figure 
3.22). It was found that a concentration below 5 ug Con-A/ml 
cell suspension had little effect on splenocyte proliferation, 
whilst 8  ug Con-A/ml induced maximum proliferation.
The effect of cell concentration on Con-A induced 
proliferation was examined (Figure 3.22). Although a cell 
concentration of 9X10* cells/ml gave the greatest proliferative 
response as measured by MTT assay, the limited number of 
splenocytes available necessitated the use of 6 xl0 *cells per ml 
in all subsequent experiments.
The comparative effect of foetal calf serum and chicken 
serum on the Con-A induced proliferation of splenocytes was also 
examined (Figure 3.23). It was found that chicken serum (10% in 
RPMI-1640) supported a significantly higher proliferative 
response than foetal calf serum (1 0 % in RPMI-1640) at all the 
tested doses of Con-A, (p<0.01).
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Figure 3.22;Effect of cell concentration
on Con-A induced proliferation of
chicken splenocytes.
MTT based O.D (570nm, 610nm)
0.2
0.15
0.1
0.05
Cell concentration (x million/ml)
Con-A stimulatedun-stimulated cells
The chicken splenocytes were incubated (37 °C : 5% CO2) 
with and without Con-A ( 8  ug/ml). After 72 hours of 
incubation, the proliferation of the cells was 
determined using the MTT assay. Each point represents 
the mean ± sd of 6  replicates of one experiment.
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Figure 3.23; Effect of serum source on
Con-A induced proliferation of ctiicken
splenocytes
MTT based O.D. (570nm, 630nm)
0.1
0.08
0.06
0.04
0.02
Concanavalin-A concentration (ug/ml)
^  Foetal calf serumChicken serum
The chicken splenocytes (6x10^ cells /ml RPMI-1640 
containing 1 0 % of either chicken or foetal calf serum) 
were incubated (37 °C: 5% COg) with Con-A. After 72
hours of incubation, the proliferation of the cells 
was determined by the MTT assay. Each point indicates 
the mean ± sd of 6  replicates of one representative 
experiment.
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Plate 3.1: Phagocytosis by Sephadex recruited chicken
peritoneal macrophages.
%■ .
a
a) Control.
b) Phagocytosis of b) opsonised S. gallinarum, c) 
opsonised SRBC, d) both Salmonella as well as SRBC. 
Magnification (X1250).
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Plate 3.2: The blast cells in splenocyte culture.
' f a
a) NDV stimulated cells.
b) Un-stimulated cells.
Magnification (x320).
i%o
Plate 3.3: The stained blast cells derived from NDV
stimulated splenocytes.
f
f
H
J
a m
»
M.
:
a) The blast cells, (xl250).
b) Chicken blood lymphocytes,(x800). 
(Giemsa,s stain).
i%i
Plate 3.4: The splenic macrophages in culture on 12th day 
after incubation of splenocytes ( x320).
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Homologous serum presumably contained hormones or cytokines 
which potentiated the Con-A induced proliferation. 
Unfortunately, it was almost impossible to obtain sterile serum 
from chickens. Thus, in other experiments, foetal calf serum was 
used.
The effect of sodium bicarbonate concentration in RPMI-1640 
on Con-A induced proliferation was examined (Figure 3.24). It 
was found that a concentration of 0.35% sodium bicarbonate in 
RPMI-1640 supported a significantly higher proliferative 
response to Con-A than concentration routinely used in cell 
culture media (0.19%).
3.6.2: NDV INDUCED PROLIFERATION.
The NDV-induced proliferation of chicken splenocytes was 
estimated using both the [^H]-thymidine uptake assay and the MTT 
assay. The [^H]-thymidine assay depends on the uptake of 
radiolabelled thymidine in the nucleus of proliferating cells 
and is expressed in terms of counts per minutes (cpm). By 
contrast, the MTT assay is based upon the activity of 
mitochondrial dehydrogenases which transform the MTT salt into 
water insoluble formazan in living cells. The quantity of 
formazan is proportional to the number of viable cells and is 
determined by its optical concentration at 570 nm. Addition of 
MTT solution to the splenocyte culture stained the sedimented 
cells as violet colour within 4 hours. The NDV stimulated cells 
stained more intensely than un-stimulated splenocytes. The 
difference of colour intensity was more clearly seen after 
removal of the supernatant from the wells (Plate 3.5).
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Figure 3.24:Effect of sodium bicarbonate
on Con-A induced proliferation of
chicken splenocytes
MTT based O.D (570nm, 630nm)
0.7
0.6
0.5
0.4
0.3
0.2
0.550.450.350.250.15
Sodium bicarbonate in medium (%) 
Unstimulated cells Con-A stimulated
The chicken splenocytes were suspended (3x10® cells/ml: 
200ml/well: 96 well round bottomed plate) in RPMI-1640 
containing different concentrations of sodium 
bicarbonate. The cells were incubated (37 °C ; 5% CO2) 
with and without Con-A ( 8  ug/ml). After 72 hours of 
incubation, the proliferation of the cells was 
determined by the MTT assay. Each point represents the 
mean ± sd of 6  replicates of one representative 
experiment.
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Microscopic examination of the stained sediment indicated that 
un-stimulated splenocyte sediment was lightly stained compared 
to that of NDV stimulated splenocytes (Plate 3.6). The addition 
of isopropanol with subsequent pipetting resulted in the 
development of a violet coloured solution and the dissolution 
of the sediment. The colour intensity in wells containing NDV- 
stimulated cells was higher than that in wells containing un- 
stimulated cells (Plate 3.7). The coloured solutions from 
replicate cultures was pooled. The absorption of the solution 
is shown in Figure 4.30. The results indicated that peak 
absorption was achieved using a wavelength 560nm whilst minimum 
absorption was observed at wavelength of 690 nm. In order to 
speed up the MTT assay, a microplate reader (DynatechiM.R. 600) 
fitted with a 570 nm filter (test filter) and 630 nm (reference 
filter) was used.
3.6 .2.1: NDV ANTIGEN DOSE.
The proliferation of splenocytes in response to different 
doses of NDV antigen was estimated using the [^H]-thymidine 
uptake assay and the MTT assay. The /obtained using different 
doses of NDV for stimulation are shown in Table 3.18.
The results indicated that concentrations of 4, 8  or 16 ug 
NDV protein/ml splenocytes suspension were equally effective in 
inducing splenocyte proliferation. The cpm of cells stimulated 
with any of these doses was significantly higher than that of 
un-stimulated cells (p<0.001). Whilst cells stimulated with 40 
or 400 ug NDV protein/ml showed counts similar to those of un- 
stimulated cells. Microscopic examination such of splenocytes
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Plate 3.5: The MTT stained splenocytes in culture
i Y^f *m • y ♦y • w • W  ♦ ü * ) J • W  ^ W* %i
a) NDV unstimulated, left 3 columns : b) NDV stimulated
cells, right 9 columns of 9 6  wells round bottom plate.
Plate 3,6: Microscopic appearance of MTT stained
splenocytes ^
i
t e s -  ■•.:
f
, t
a) Un-stimulated cells, b) NDV stimulated cells. 
(Magnification x32) .
12^
Plate 3.7: MTT stained cells dissolved in acidic
isopropanol.
a) Un-stimulated, left 3 columns b) NDV stimulated cells, 
right 9 columns (96 well round bottomed plate).
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TABLE 3.18: EFFECT OF NDV CONCENTRATION ON THE IN VITRO
PROLIFERATION OF CHICKEN SPLENOCYTES.
NDV antigen 
protein 
(ug/ml cell 
suspension)
[^ H] -Thymidine 
uptake assay 
(Radioactivity-cpm)
MTT Assay 
(MTT based O.D)
Median Range Median Range
0 0.06“ 0.00-0.13 0.03“ 0.02-0.03
4 53.92® 25.33-89.30 0.42® 0.31-0.62
8 52.85® 25.73-77.73 0.43® 0.41-0.54
16 37.42® 16.65-63.17 0.43® 0.32-0.64
40 0 .1 0 “ 0.18-0.54 - -
400 0.49“ 0.14-10.40. - -
The splenocytes mixed with different concentration of NDV 
protein were incubated ( 2 0 0  ul cell suspension /well of round 
bottomed 96-well culture plates :3xlO® /ml : 39.6°C : 5% CO2) for 
6  days. The NDV induced proliferation of the cells was measured 
by using [^H]-thymidine uptake assay and MTT assays 
respectively. Each value representsthe median of 6  independent 
experiments.
The values in each column not sharing similar superscript 
letter are significantly different, p<0.03 (Mann-Whitney U 
test).
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indicated that such doses induced lysis of some cells. This 
lysis was indicated by a marked reduction in the amount of 
sedimented cells at the bottom of the wells compared to control 
wells and those containing cells stimulated with 4-16 ug/ml of 
NDV protein. This could be the in vitro manifestation of 
tolerance where higher doses of antigen cause deletion of 
antigen sensitive cells.
3.6.2.2: OPTIMUM TIME FOR PROLIFERATION ASSAY.
The optimum incubation time for maximum cellular 
proliferation was estimated using the [^H]-thymidine uptake 
assay and the MTT assay. The results determined on days 5, 6  and 
7 after incubation with NDV antigen are shown in Table 3.19.
The results obtained using the MTT assay indicated that 
proliferation reached a plateau on day 5 where it remained until 
day 7. By contrast, the tritiated thymidine uptake assay reached 
a maximum between days 5 and 6  and declined thereafter.
3.6.2.3: ANTIGEN SPECIFICITY.
The NDV vaccine (Newcadin-25) that contained NDV, allantoic 
fluid protein (self antigen) , and an oil based was used to 
vaccinate the chickens. The proliferative response of the 
splenocytes from such chickens incubated with chorioallantoic 
fluid (CAP) protein (4ug/ml), NDV antigen (4ug/ml) and without 
antigen was measured on days 6  and 7 after incubation using the 
[^H]-thymidine uptake assay (Figure 3.25).
The results showed that splenocytes from in vivo NDV 
vaccinated chickens can recognise antigen in in vitro culture.
Figure 3.26: In vitro proliferation of 
chicken splenocytes is NDV specific,
Counts per minute (X10)
6 7
Day of proliferation assay
I I  no antigen I I NDV antigen (4 ug/m) CAF antigen (4 ug/m)
The chicken splenocytes (3x10® cells /ml: 2 00 ul/well 
: round bottomed 96 well plate) were incubated (39.6 
°C : 5% CO2) with NDV (4ug/ml) or chorioallantoic fluid 
protein. (CAF: 4ug/ml), or without any antigen. After 
6 th and 7 th day of incubation, the cell proliferation 
was determined by the [^H]-Thymidine assay.
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TABLE 3.19: OPTIMUM TIME FOR AN ASSAY OF NDV INDUCED IN VITRO 
PROLIFERATION OF CHICKEN SPLENOCYTES:
Day of an 
assay after 
incubation of 
splenocytes
[^H]-thymidine up­
take assay (cpm)
MTT Assay 
MTT based O.D
Median Range
1 Xio
Median Range
5 58.7” 333 — 314 0.33“ 0.30-0.47
6 54.3“ 48.9-60.1 0.39“ 0.28-0.59
7 40.8^ 25.3-43.4 0.29“ 0.14-0.48
The splénocytes suspension mixed with NDV antigen (4ug/ml) were 
incubated (200 ul cell suspension /well of round bottomed 96- 
well culture plates :3xl0^ /ml : 39.6°C : 5% CO2) 
for 5, 6, and 7 days. On each of these days, the proliferation 
was determined by using [^H]-thymidine uptake assay and MTT 
assay .
Each value represents the median of 4 independent 
experiments. The values in each column not sharing similar 
superscript letters are significantly different, p<0.05 (Mann- 
Whitney U test).
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This recognition was specific since the cpm in CAF stimulated 
cells was the same as that of control, un-stimulated cultures.
3.6.2.4: PROLIFERATIVE RESPONSE OF NYLON WOOL FRACTIONATED
SPLENCYTES.
The effect on antigen induced proliferation of non-adherent 
cells fractionated using nylon-wool column (NWC). The NDV- 
induced proliferation of splenocytes fractionated for 20 or 60 
minutes on NWC was measured on day 6 after incubation and 
compared with that of un-fractionated splenocytes. The results 
are shown in Table 3.20.
After 20 minutes fractionation, the NDV induced 
proliferative response of NWC fractionated cells was similar to 
that of un-fractionated splenocytes. However, after 60 minutes 
fractionation, the antigen induced proliferative response was 
significantly decreased (p<0.01).
3.6.3: IN VITRO ANTI-NDV ANTIBODY PRODUCTION BY CHICKEN
SPLENOCYTES.
To detect anti-NDV antibodies secreted by NDV stimulated 
splenocytes in in vitro culture, an indirect enzyme linked 
immunosorbent assay (ELISA) was developed. The standard dilution 
of NDV antigen and an anti-chicken IgG antiserum (conjugated 
with alkaline phosphatase) required for optimum sensitivity of 
the ELISA are shown in Figure 3.26. Each dilution of conjugate 
was plotted against varying concentration of the NDV sonicated 
antigen. The lowest dilution of enzyme conjugated antibody 
(1:1000) with the lowest dilution of antigen (1:100) gave the
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TABLE 3.20: EFFECT OF NYLON WOOL COLUMN FRACTIONATION OF CHICKEN 
SPLENOCYTES ON JN VITRO NDV INDUCED PROLIFERATION.
Length of ^ = 3 
incubation of 
cells on NWC. 
(minutes)
NWC
fractionated
splenocytes
Non­
fractionated
splenocytes
20 * 58.7±22.5“ 54.8114.2“
60 ** 0.45±0.13“ 0.2710.16*’
The Nylon-Wool column (NWC) was loaded with splenocytes and 
incubated at 39.6°C in 5% CO2 . The NDV induced proliferation was 
measured by [^H]-Thymidine uptake assay (*) and MTT assay (**).
The values in each row not sharing similar letter are 
significantly different (p<0.05).
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maximum response and gave marked differentiation between the 
test (anti-NDV serum) and control (negative serum) samples. It 
gave the upper limit of the ELISA sensitivity (O.D value 
0.55010.015). The colour intensity obtained without any antigen 
but with the lowest dilution of conjugated antibody represented 
the background of the ELISA test. This checkerboard method of 
optimising the ELISA indicated that the sensitivity of the ELISA 
test was indirectly proportional to both the antigen and the 
conjugate dilutions. Therefore, in all subsequent experiments, 
the lowest dilutions of both the antigen (1:100) and the 
conjugate (1:1000) that gave the upper limit of the ELISA 
sensitivity were used. The antibody titre of pooled serum 
samples from NDV vaccinated chickens was measured (Figure 3.27) . 
The antibody titre of the serum was 1:10000. This pooled serum 
was used as a positive control for the assay of antibody 
concentration in supernatants from NDV stimulated chicken 
splenocytes.
Moreover, it was observed that the amount of anti-NDV 
antibody in the un-diluted supernatant was directly proportional 
to the colour intensity (O.D value) as is elucidated with 
differnt dilutions of NDV positive serum (Figure 3.27).
Splenocytes from NDV vaccinated chickens were 
incubated with either 0, 4, 8 or 16 ug of NDV protein/ml cell 
suspension for 14 days. The anti-NDV antibodies released in the 
supernatants were determined. The ELISA based O.D values of the 
supernatants from splenocytes incubated with different doses of 
NDV antigen are shown in Figure 3.28
Splenocytes stimulated with either 4, 8 or 16 ug NDV
DM
Figure 3.26: Optimization of ELISA: 
NDV antigen vs conjugate dilution
ELISA based O.D. at 410 nm
0.6
0.5
0.4
0.3
0.2
Antigen dilution (log of base 2X100)
1:1000 conjug.dilut. 
1:4000 conjug.dilut.
1:2000 conjug.dilut. 
1:8000 conjug.dilut.
Each point represents the mean ± sd of 4 replicates of 
one representative experiment.
Figure 3.27: Optimization of ELISA: 
Effect of anti-NDV serum concentration,
ELISA based O.D at 410 nm.
0.5
1000010001001010.1
Dilution of serum (X 100) 
Negative serum Positive serum
Each point represents the mean ± sd of 6 replicates of 
one experiment.
î t
Figure 3.28: Optimum NDV concentration 
te induce anti-NDV antibody production 
from chicken splenocytes.
ELISA based O.D at 410 nm
0.5
0.4
0.3
0.2
0.1
4 8
NDV dose (ug/mi)
16
The chicken splenocytes (3xl0®/ml: 200ul/well : 96 well 
round bottomed plate) were incubated (39.6 °C: 5% CO,) 
with NDV antigen. After 14 days of incubation, anti- 
NDV antibody in the supernatant (un-diluted) was 
estimated by indirect ELISA. Each point represents the 
mean ± sd of 4 independent experiments.
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protein/ml of cell suspension showed a significant level of 
anti-NDV antibody production. A NDV antigen dose of 4 ug/ml 
induced a significantly higher level of anti-NDV antibody 
production than that induced by a dose of 16 ug (p<0.01). 
However, there was not a significant difference between levels 
of antibodies produced by cells stimulated with 4 and 8 ug NDV 
antigen/ml of cell suspension.
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SECTION -2
3.7: EFFECT OF SALMONELLA INFECTION ON CHICKEN IMMUNOCYTES.
In this section the effects on the adherence and phagocytic 
and RB activity of peritoneal macrophages and on NDV induced 
immune response of chicken splenocytes of the filtrate of 
Salmonella infected RPMI-1640 (S RPMI-1640: 50%), the
supernatant of macrophage culture (NM§:50%) and the filtrate of 
supernatant of Salmonella infected macrophage cultures (SM§:50%) 
were determined and the results were compared with those 
responses of immunocytes cultivated in presence of RPMI-1640.
3.7.1: THE EFFECT ON ADHERENCE AND PHAGOCYTIC ACTIVITY.
Chicken PEC were incubated in presence of either 1) RPMI- 
1640, 2) S RPMI-1640) , 3) NM$ and 4) SM$ for 4 hours. The effect 
of such treatment on the adherence and phagocytosis of PEM$ is 
shown in Table 3.21. It was found that none of the media had any 
effect on the adherent ability of chicken peritoneal 
macrophages. Also, PEC incubated with RPMI-1640, SRPMI-1640, NM$ 
and SM§ for 4 hours and exposed to non-opsonised SRBC showed 
phagocytic indices of l.liO.l, l.liO.l, 1.0±0.2, and 0.710.1 
respectively. These results suggest that incubation in SM$ 
significantly reduced the phagocytic activity of chicken PEM$ 
(p<0.05) whilst the other media had no effect. In contrast to 
this, none of the media had any effect on the ability of PEM$ 
to phagocytose opsonised SRBC.
The ability of Salmonella-infected macrophages to 
phagocytose SRBC was determined and the results are displayed
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TABLE 3.21: EFFECT OF SALMONELLA ON ADHERENCE AND PHAGOCYTIC 
ACTIVITY OF CHICKEN MACROPHAGES.
Type of medium * 
(50% diluted in 
normal 
RPMI-1640)
n=3
No of 
adhered 
macrophages 
/field
Phagocytic ratio
Non-opsonised
SRBC
Opsonised
SRBC
RPMI-1640 7±3“ l.liO.l* l.liO.l*
SRPMI-1640 7±3* 1.1±0.2* 1.110.1*
NM$ 8±3“ 1.0±0.2“ 1.210.2*
SM$ 8±4“ 0.7±0.lh 1.110.1*
The adherent cells of the PECs (2x10® cell/ ml/ 35 mm 
culture dish: Nunc) were covered with the respective 50% diluted 
medium and incubated (39.6°C : 5% CO2) for 4 hours. Then the 
medium in each dish was replaced with the medium containing 
either opsonised or non-opsonised SRBC and reincubated. After 
30 minutes, the percentage of phagocytic cell was calculated and 
phagocytic ratio was calculated as follows:
The each value of the triplicate observations of phagocytic 
% of macrophages in presence of either type of medium was 
divided by the value of pha gocytic percentage of macrophages 
in the presence of normal RPMI-1640. Then mean ± sd of the nine 
replications of 3 independent experiments was shown in table as 
phagocytic ratio:
The values in each column not sharing the same superscript 
are significantly different; P<0.05 (Duncan's multiple range 
test)
* RPMI-1640 = RPMI-1640
S-RPMI-1640= Filtrate of Salmonella infected RPMI-1640 
NM$ = Supernatant of macrophage culture.
SM$ = Filtrate of supernatant of salmonella
infected macrophage culture
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in Table 3.22. Macrophages exposed to opsonised SRBC were 85±5 
% phagocytic and served as a control. Macrophages exposed to 
opsonised Salmonella and then to opsonised SRBC were 91±5% 
phagocytic which could be broken down as follows: 45±6 %
Salmonella infected macrophages phagocytosed SRBC; 14116 %
Salmonella infected macrophages did not phagocytose SRBC and 
25112% Salmonella un-infected macrophages phagocytosed SRBC. 
Over all, 70118% macrophages were phagocytic to opsonised SRBC. 
This phagocytic percentage was not different from that of the 
control (8515 %) . Macrophages exposed to non-opsonised
Salmonella and then to opsonised SRBC were 8416% phagocytic 
which could be broken down to as follows: 512% Salmonella
infected macrophages phagocytosed SRBC; 211% Salmonella infected 
macrophages did not phagocytose SRBC, and 7617% un-infected 
macrophages phagocytosed SRBC. Overall, 8116% macrophages 
phagocytosed opsonised SRBC. This percentage was not different 
from that of the control macrophages (8515%).
In further experiments, macrophages exposed to non-opsonised 
SRBC were 1611% phagocytic and served as a control. Macrophages 
exposed to opsonised Salmonella and then to non-opsonised SRBC 
were 76118% phagocytic which could be broken down as follows: 
1116% Salmonella infected macrophages phagocytosed SRBC; 60125% 
Salmonella infected macrophages did not phagocytose SRBC and 
515% of Salmonella infected macrophage phagocytosed SRBC. 
Overall, 16111% macrophages phagocytosed non-opsonised SRBC 
which was not different from that of the control (1611 %) . 
Macrophages exposed to non-opsonised Salmonella and then to non- 
opsonised SRBC were 2612% phagocytic which could be broken down
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TABLE 3.22: PHAGOCYTIC ACTIVITY OF SALMONELLA INFECTED 
MACROPHAGES TO SHEEP RED BLOOD CELLS.
n=3
Phagoc­
ytic to 
Salmon­
ella
(%)
Phagoc­
ytic to 
SRBC
(%)
Phagoc­
ytic to 
Salmon­
ella & 
SRBC 
(%)
Total
phagoc­
ytic
(%)
Total
non-
phagoc-
ytic
(%)
Opsonised
SRBC
- 8415 - 8415 1515
Opsonised
Salmonella
Opsonised
SRBC
15116 25112 4516 9115 915
Non-opsonised 
Salmonella 
Opsonised RBC
211 7617 512 8416 1616
Non-opsonised
SRBC
- 1611 - 1611 8411
Opsonised
Salmonella
Non-opsonised
SRBC
60125 515 1116 76118 24118
Non-opsonised
Salmonella
Non-opsonised
SRBC
1211 1311 211 2612 7412
Opsonised
Salmonella
82112 - - 82112 2216
Non-opsonised
SRBC
1517 - - 1517 8517
The adherent cells of the PEC (2x10® cells /35 mm culture dish) 
were first exposed to Salmonella and incubated (39.6°C :5% COg) 
for 40 minutes. Then the dishes were washed and exposed to 
either 5 % SRBC or left as control for 20 minutes. Thereafter, 
all the dishes were washed and stained. The phagocytic 
macrophages containing either SRBC or Salmonella or Salmonella+ 
SRBC and non-phagocytic macrophages in each well were counted. 
Each value represents the meanlsd of the percentage of 
phagocytic macrophages of 3 independent experiments.
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as follows: 2±1% Salmonella infected macrophages phagocytosed 
SRBC; 12±1% Salmonella infected macrophages did not phagocytose 
SRBC and 13±1% un-infected macrophages phagocytosed SRBC. 
Overall, 15±2% macrophages were phagocytic to non-opsonised SRBC 
which was not different from that of the control.
These experiments showed that despite infection with 
opsonised or non-opsonised Salmonella, the macrophages were 
still able to phagocytose opsonised or non-opsonised SRBC (Plate 
3.1). Microscopic examination of the macrophages exposed to 
sensitised Salmonella showed that some of the macrophages were 
fully loaded with the organisms and failed to phagocytose SRBC.
3.7.2: EFFECT ON RESPIRATORY BURST METABOLITES.
The effect of different dilutions of NM$ on hydrogen 
peroxide release from chicken peritoneal macrophages was 
determined and the results are shown in Table 3.23. It was 
observed that maximum H2O2 release was achieved at 50 % dilution 
of NM§. This level of H2O2 was significantly higher than that 
released by macrophages incubated with RPMI-1640 alone. Thus, 
in future experiments, a 50% dilution of SRPMI-1640, NM$, and 
SM$ were used. The effect of these media on hydrogen peroxide 
release from PEM§ is shown in Table 3.24.
These results indicated that there was no difference in 
hydrogen peroxide release from the PMA stimulated or non­
stimulated macrophages incubated with either of the test media.
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TABLE 3.23; EFFECT OF MACROPHAGE CULTURE SUPERNATANT ON HYDROGEN 
PEROXIDE RELEASE FROM THE CHICKEN MACROPHAGES
Dilution of NM$ 
in RPMI-1640 
(%)
Hydrogen peroxide release 
(nM/mg of cell protein)
Mean Sd
0.0 10.84* 4.8
25 6.93* 4.5
50 59.7® 25.2
75 88.96® 16.6
100 78.95® 23.2
The adherent cells of the PECs (1x10® PEC/dish) were first 
incubated with different dilutions of a macrophage culture 
supernatant (NM$) for 4 hours and then, the cells were covered 
with phenol red solution without PMA. The hydrogen peroxide was 
measured.
The values not sharing similar superscript letters are 
significantly different, p<0.001 (ANOVA and Duncan's Multiple 
Range Test).
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TABLE 3.24: EFFECT OF SALMONELLA INFECTION ON THE HYDROGEN
PEROXIDE RELEASE FROM CHICKEN PERITONEAL MACROPHAGES.
Type of medium* 
n=3
H2O2 release from macrophages 
(nM/mg cell protein: MeantSd)
PMA unstimulated PMA stimulated
RPMI-1640 6.07±3.73* 92.12±43.53‘
SRPMI-1640 25.44±21.46*® 84.51+37.71*
NM$ 74.31+16.36® 96.01+62.31*
sm 71.01±56.07® 135.80±79.04*
The monolayer of adherent cells (2X10®PEC/dish) was incubated 
with 50% dilution of the respective medium for 4 hours (39.6°C 
: 5% CO2) . Then each monolayer was covered with PRS with or
without PMA and hydrogen peroxide was assayed.
* RPMI-1640
= Filtrate of Salmonella infected RPMI-1640 
= Filtrate of macrophage culture supernatant.
= Filtrate of supernatant of Salmonella 
infected macrophages 
The values in each column not sharing similar superscript are 
significantly different, p<0.05 (ANOVA : Duncken's multiple
range test).
SRPMI-1640
NM$
SM$
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3.7.3: EFFECT ON THE IN VITRO NDV INDUCED PROLIFERATION OF
CHICKEN SPLENOCYTES.
Splenocytes from NDV vaccinated chickens were incubated in 
the presence or absence of NDV antigen for 6 days with either
1) RPMI-1640, 2) SRPMI-1640 3) NM$, or 4) SM#. The proliferative 
response of the splenocytes was determined by the [^H]-thymidine 
uptake assay and the results shown in Figure 3.29.
The splenocytes stimulated in vitro with NDV gave a value 
of 35.75±26.00 X 10^  cpm whilst those lacking NDV gave a value 
of 2.42±1.63 X 10^  cpm. By contrast, when SRPMI-1640, NM#, or 
SM# were added to the NDV stimulated splenocytes, no 
proliferation was observed. The cpm of these cultures was 
similar to that of un-stimulated splenocytes. This showed that 
all these media had strong suppressive effects on NDV induced 
proliferation of the splenocytes. Also un-stimulated splenocytes 
in the presence of these media showed counts similar to those 
of control un-stimulated cultures. This indicated that non of 
these media had any mitogenic activity on chicken splenocytes.
The MTT assay also showed similar results.
3.7.4: THE EFFECT ON IN VITRO ANTI-NDV ANTIBODY PRODUCTION.
Splenocytes from NDV-vaccinated chickens were incubated in 
presence of NDV antigen and either of RPMI-1640, SRPMI-1640, NM# 
or SM# for 14 days. The in vitro production of anti-NDV 
antibody was determined by ELISA. The results are shown in 
Figure 3.30.
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These results indicate that RPMI-1640 supported NDV 
antigen-induced antibody production by chicken splenocytes 
(ELISA based O.D. value 0.30±0.17) while all the other media 
caused inhibition of the same. Their O.D values were similar to 
that of the control un-stimulated splenocytes. This shows that 
the Salmonella infected RPMI-1640, the supernatant of normal or 
Salmonella infected macrophage cultures each had an inhibitory 
effect on the in vitro production of anti-NDV antibody by NDV 
stimulated chicken splenocytes.
ikT-
Figure 3.29: Effect of Salmonella in 
In vitro HDM induced proliferation of 
chicken splenocytes.
3 - 3
lH]-thymidine uptake (cpm x 10)
70
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543210
Type of medium
NDV stimulated cells Unstimulated cells
The chicken splenocytes (3x10^ cells/ml: 200 ul/well of 
96 well round bottomed plate) were incubated (39.6 °C 
: 5% CO2) in the presence of either of these media with 
and without NDV. The proliferation of these cells was 
measured with the [^H]-Thymidine uptake assay on the 
6th day of incubation. Each point represents the 
median flange of 4 independent experiments.
1): RPMI-1640,
2) ; Filter sterilised Salmonella infected RPMI-1640
(S RPMI-1640),
3): Supernatant of macrophage culture (NM#),
4) : Filter sterilised supernatant of Salmonella
infected macrophage culture (SM#).
Figure 3.30: Effect of Salmonella on
in wfra anti-NDV antibody production by
chicken splenocytes
ELISA based O.D. at 410 nm.
0.35
2 3
Type of medium.
The chicken splenocytes (3x10*cells/ml:200ul/well : 96 
well round bottomed plate) were incubated (39.6 °C: 5% 
CO2 ) in the presence of either of the media for 14 
days. The anti-NDV antibodies in the supernatant 
(undiluted) were determined by indirect ELISA. Each 
bar represents mean ± sd of 4 independent experiments. 
The background (ELISA based O.D Value) of supernatant 
from un-stimulated splenocytes that can be seen in 
Figure 3.28, is not subtracted from these values.
1: RPMI-1640. 2: S.RPMI-1640. 3: NM#. 4: SM#.
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4.0: DISCUSSION
Chicken immunocytes such as macrophages and 
lymphocytes are of paramount importance in the defence 
against infectious and non-infectious diseases. Their 
functional activities are influenced by the genetic make-up 
of the host species e.g., 1) the inbred mouse strain C57 
BL/10 is highly susceptible to the intracellular pathogen 
S. typhimurium compared to the CBA strain (Van Dissel et 
al., 1985); 2) the level of functional activity of chicken 
peritoneal macrophages is controlled by the B-haplo-type 
that regulates blood cell parameters, haemolytic complement 
and immunoglobulin (Shen et al., 1984), susceptibility to 
Coccidiosis, antibody production against sheep RBC, killed 
Br. abortus and infectious bursal disease virus (Reviewed 
by Qureshi et al., 1988) and recruitment and activation of 
chicken PEM# (Qureshi et al., 1986 a). To rule out the 
influence of B-haplotypes on the functional activities of 
the immunocytes, chickens of the same haplotype (B^ )^ were 
used through out the study. The disease susceptibility of 
the chickens used is shown in Table 4.25.
Present study has investigated the culture 
characteristics, phagocytic activity, and activation state 
of chicken peritoneal macrophages (PEM#). Moreover, an 
in vitro model for evaluating immunomodulating potential of 
Salmonella infected chicken PEM$
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4.1: CHICKEN MACROPHAGES:
Monocytes are derived from bone-marrow pro-monocytes 
and in a steady-state condition, migrate randomly to 
tissues or adhere to tissue sinusoids and replace tissue 
macrophages. Like that of mammals, avian macrophages are 
distributed in almost all tissues/organs e.g., spleen, 
lung, liver and connective tissues. These form a readily 
available first line of defense against both endogenous and 
exogenous invaders. The role of avian mononuclear 
phagocytes in immunity is poorly understood because of 
difficulty in obtaining pure populations of monocytes 
/macrophages for in vitro study. It is practically 
impossible to get the required density and purity of 
monocyte-derived macrophages from blood or residential 
macrophages from spleen, lung or other tissues. The present 
study showed that chicken PEC are a readily available 
source of macrophages. In mammals, macrophages can be 
obtained directly from the peritoneal cavity without 
elicitation (Conrad, 1981; Tables 4.26). By contrast, a 
poor yield of PEC is obtained on washing the chicken 
peritoneal cavity even 72 hours after intra-peritoneal 
injection of saline. These results are supported by 
Trembiki et al., (1984), Rose and Heske.th (1974) and Chu 
and Dietert (1988) who harvested 0.1-.2xl0* chicken PEC 
which contained few macrophages. Saline is an isotonic and 
non-inflammatory solution, so may not be efficient in 
recruiting PEC. This low yield of PEC from un-stimulated or 
saline injected chickens could be due to either 1) the
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Table 4.25: A summary of known disease resistance
properties of chicken 
haplotype-B^
S. No. Pathogens Resistance*
1 Eimeria tenella R
2 Salmonellosis S
3
Avian leukosis type 
A,B,C,D.
S
Avian Leukosis type 
E.
R
* R= Resistance 
S= Susceptible
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presence of a limited amount of peritoneal fluid, 2) a 
limited number of free cells in the fluid of the peritoneal 
cavity, 3) poor viability of un-stimulated PEC.
The number of cells in peritoneal exudate fluid 
increased significantly if an eliciting agent like TGB or 
Sephadex G-50, was injected into the peritoneal cavity 72 
hours before cell harvesting. The eliciting agents 
previously used in mammalian animal species are starch, 
TGB, mineral oils, glycogen or peptone which dramatically 
increase the recovery of PEC (Table 4.26). The selection of 
an appropriate eliciting agent for the production of PEC 
with a high concentration of macrophages is an important 
step before considering in vitro studies on avian 
macrophages. In this study, it was found that TGB generated 
PEC whose numbers were significantly lower than that 
stimulated by Sephadex G-50. This could be due to the rapid 
absorption of TGB from the cavity thus limiting the 
duration of the inflammatory response. However, it has been 
used extensively in mice to generate PEC (Zunkerman et al., 
1989 : Cohn et al., 199/), where it invokes a large number 
of polymorphonuclear leucocyte response but the response 
wanes by the time of cell harvest. It has been shown that 
intra-peritoneal injection of TGB in mice, results in the 
recovery of 1-20 X 10* PEC after 5 days containing 70-90% 
macrophages (Conrad, 1981). This study showed that Sephadex 
G-50 recruited more than 2 ?xlO* PEC per chicken with a dose 
similar to that used by previous workers. However, double 
dose injected equally on both sides of the cavity generate
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TABLE 4.26: PERITONEAL EXUDATE CELLS FROM MAMMALIAN AND
AVIAN SPECIES.
Animal
species
Irritant PEC'/anim
al
Reference
Mice - 2-5x10* Conrad,1981
TGB 10-20x10* Conrad,1981
Rabbit - 5-8x10* Conrad,1981
TGB 10-
100x10*
Conrad,1981
Chicken 0.1-
0.2x10*
Rose &
Heske th,1974
Starch 4±3xl0* Chu and 
Dietert,1988
Sephadex G- 
50
14±5xl0* Chu and 
Dietert,1988
* Peritoneal exudate cells
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50-120 X 10^  PEC. Macrophages comprised more than 80 % of 
the adherent cells, the remaining cells being mainly 
heterophils with a small proportion of contaminating non­
adherent cells such as lymphocytes and red blood cells. 
There is controversy in literature about the number of PEC 
induced per chicken using Sephadex. Sabet et al. (1977) 
reported a yield of 100 X 10^  PEC, 72 hours post inoculation 
of Sephadex G-50. Adherent cells comprised 99.5% of this 
yield identified as macrophages. However, recent studies 
have shown that Sephadex G-50 could generate 14.4 ± 6.6 X 
10^  PEC, of which 85.4% were adherent macrophages (Trembiki 
et al., 1984 : Chu and Dietert, 1988). This discrepancy
could be due to 1) variation in the strains of chicken 
under investigation, 2) incomplete washing of peritoneal 
cavity, and 3) variation in the amount and type of Sephadex 
injected in the cavity.
Sephadex G-50 is a carbohydrate based cross-linked 
dextran. It is water immiscible, inert and a model 
inflammatory compound (Golemboski et al., 1990). It is 
thought to generate inflammatory mediators which over 72 
hours induce the formation of a peritoneal exudate. These 
recruited cells contain macrophages, heterophils, 
lymphocytes and red blood cells. Whether these macrophages 
are recruited from tissues, or the circulating pool is 
unknown. However, the composition suggests that the likely 
source is the circulation. Heterophils are the predominant 
cells shortly after Sephadex injection (Chu and dietert, 
1988) . It is likely that the long life-span of monocyte
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derived macrophages compared to heterophils and lymphocytes 
results in the predominance of macrophages.
Studies using mammalian cells have shown that 
macrophages have strict culture requirements. Since 
successful cultivation of chicken peritoneal macrophages is 
vital for in vitro studies of their function, it was 
necessary to determine the culture requirements for chicken 
PEM§. Sterile culture of chicken PEM$ in antibiotic free 
medium proved to be extremely difficult. This could be due 
to the fact that the environment in which chickens are 
reared is polluted with microbes that contaminate the 
cavity either during the injection of an irritant or during 
harvesting the exudate. The exercise of aseptic measures 
during injection of the sterilised irritant and washing of 
peritoneal cavity, helped to reduce contamination. Also, 
the use of broad spectrum antibiotics like gentamycin and 
amphotericin-B in the culture medium allowed aseptic 
culture of chicken PEM$.
Macrophages and heterophils are the only truly 
adherent cells in the chicken PEC. However, culture of PEC 
at high density resulted in some contamination of adherent 
cells with lymphocytes and red blood cells. Similar 
problems have been reported during the purification of 
human monocytes-derived macrophages (Krugballc et al., 
1980). Human lymphocytes, regardless of whether serum was 
included in the medium or not, adhered to the culture 
substrate along with monocytes. With chicken PEC, it was 
found that if macrophages were cultured in the petridishes
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for 30 minutes, subsequent washing with PBS remove the 
majority of non-adherent cells. More than 80% of the 
adherent cells were characterised as large, phase dense, 
mononuclear and well spread cells. PEM$ were a heterogenous 
group of irregularly shaped cells with ecenteric, oval, 
round or kidney shaped nuclei (Plate 4.8).
Adherence to substrate occurs within 10 minutes 
incubation, there being little increase in the number of 
adherent cells on longer incubation. However, culture of 
chicken PEC for 30 minutes resulted in greater than 80 % 
macrophages of the adherent cells. These results are 
supported by Sabet et al. (1977) , et al. (1984) and
Chu and Dietert (1988) who determined improved macrophages 
purity up to 99% of the adherent cells.
The exact mechanism of chicken macrophage adherence is 
unknown but it is likely to be similar to that of mammalian 
macrophages which adhere to glass or plastic substrate 
during in vitro culture. Mammalian macrophages have 
receptors for fibronectin that is either normally present
in serum or is secreted by macrophages during in vitro
culture (Cohn, 1987). The fibronectin provides a bridge 
between the macrophage and culture substrate. This
attachment seems to be Ca++ dependent (Maurer, 1987).
Sephadex recruited chicken PEM$ adhere along the 
culture substrate and fused with adjoining macrophages to 
form multi-nucleated giant cells (MGC). These cells 
appeared in the adherent monolayer of chicken PEC and
whilst the number of individual macrophages decreased, the
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total number of nuclei remained the same. During 72 hours, 
there was an increase in the number of MGC but the nuclei 
resembled that of mononuclear phagocytes in morphology and 
staining reaction. These results are supported by Hossan et 
al. (1989); Mariano and Spector (1974); Chamber (1978); 
DijkamanS et al. (194o) and Qureshi et al., (1990) who 
observed the fusion and formation of MGC from macrophages 
of human, rat, mice and chicken. Enelow et al. (1992) and 
Ha#an et al. (1989) observed that human monocyte-derived 
macrophages form MGC when incubated with fusion factors 
such as PMA, IL-6, IL-3, IFN-gamma, vitamin D3 or
lymphocyte conditioned media. This effect, in the case of 
PMA and IFN-gamma, occurs through the activation of protein 
kinase C (PKC) and an increase in intracellular calcium ion 
concentration (H««san et al., 1989 and Orental., 1992). By 
contrast little is known of the factors and mechanisms 
affecting in vitro MGC formation in chickens. From our 
observations and those of others on mammalian macrophages, 
it is likely that Sephadex particles in the chicken 
peritoneal cavity stimulate the production of factors that 
activate the PEC during recruitment. At the time of 
collection, such PEM$ have the potential to form MGC in in 
vitro culture. It was found that MGC formation increased 
from 5% to 24% on the 4th to the 6th day after Sephadex 
administration in the chicken peritoneal cavity (Figure 
4.31). This time course is comparable to that observed by 
Enelow et al. (1992) who found 30 % MGC formation from 
human monocyte derived macrophages after 6 days of in vitro
4.31: Time dependent appearance of 
multinucleated giant cells In the 
macrophage culture.
Percent MGC. Number of nuclei/MGC
30
27
24
33
30
27
24
76543210
Day after Sephadex injection 
-  MGC (%) Nuclei/MGC
The Sephadex G-50 recruited chicken PEC 3x10^ cells /ml 
culture dish) were incubated at 39.6 °C in 5% COg. The 
formation of MGC (%) as well as number of nuclei/MGC 
were determined. Each point represents mean ± sd of 3 
independent experiments. In each experiment, the PEC 
from one bird were used.
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stimulation with IFN-gamma and IL-3. It can be concluded 
that factors that induce MGC formation in chicken PEM$ 
might start their action from the day of Sephadex 
injection.
Chicken MGC were found to have between 2 to 23 nuclei 
which showed 3 patterns of distribution in the cytoplasm:
a) arranged linearly around the periphery, b) irregularly 
distributed, and c) central clusters (Plate 4.9). Similar 
patterns have been observed in lymphokine activated human 
monocyte-derived macrophages (Chamber 1978). It is 
possible that the different patterns of nuclear 
distribution in MGC represent different stages in MGC 
formation.
Contamination of chicken PEM$ with fibroblasts was a 
sequelae of in vitro culture. Fibroblasts appeared on 4-5 
days after and were recognisable as long, spindle-shaped 
cells with a palisade appearance and characteristic 
staining of the nucleus (Plate 4.9). The fibroblasts were 
differentiated from PEM$ by their lack of phagocytic 
activity. The source of these fibroblasts whether it be 
from the tissue of the peritoneal cavity or from the 
circulation is un-known.
In light of these observations, it can be concluded 
that Sephadex G-50 is an effective irritant generating a 
high yield of PEC. Macrophages elicited in this way are 
activated and have the potential to form MGC that usually 
appear after 24 hours of in vitro culture.
The phagocytosis of particles is one of the main
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characteristics of chicken macrophages. Like that of 
mammals, chicken PEM§ phagocytose particles opsonised with 
antibody. This activity is regulated by plasma membrane 
receptors. Chicken PEM$ exposed to opsonised SRBC or S. 
gallinarum were more than 80% phagocytic. These results are 
supported by those of Chu and Dietert (1988) and Trcntbidd- et 
al. (1984) who also observed that 80% of PEM$ were 
phagocytic towards SRBC. A substantial amount of work on 
the phagocytic activity of mammalian macrophages has shown 
that phagocytosis of these particles is mediated by Fc 
gamma (crystallisable fragment of the IgG antibody 
molecule) receptors on the surface of mononuclear 
phagocytic cells (Cohn, 1987 : Adam and Hamilton, 1984 : 
Johnston, 1988). The efficiency of FcR-mediated 
phagocytosis is related to the concentration of antibody 
used to opsonise the antigen. Macrophages exposed to SRBC 
opsonised with 0.5 HA unit of antibody were 80% phagocytic. 
These observations are supported by Chu and Dietert (1988) 
who demonstrated that PEM$ contained 80-90% phagocytic 
cells when exposed to SRBC opsonised with a sub- 
agglutinating level of antibodies. The current project has 
demonstrated that increasing the concentration of antibody 
to 2 HA units increased the percentage of phagocytic cells 
to 99.1 %. Sabet et al. (1977) observed that PEM§ were 
99.6-100 % phagocytic when given antigen was opsonised with 
26 HA units of antibody. Increasing the antibody 
concentration increases the number of available Fc 
molecules on the antigens which facilitate the movement of
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plasma membrane around the particles and ultimately 
potentiate its phagocytosis. This kind of mechanism has 
been postulated for phagocytosis by mammalian macrophages 
(Skamene and Gros, 1983: Cohn 1987). Decreasing the
concentration of opsonin not only reduces the percentage of 
phagocytic macrophages but also the number of particles 
phagocytosed per macrophage. Only 30-50 % of PEM§ were 
phagocytic when exposed to non-opsonised SRBC. This was
reduced 10-16 % when the dose of irritant used to harvest
the cells was doubled. This suggested that Fc
receptor-independentby chicken PEM$ may be mediated by a 
receptor on the plasma membrane which is decreased by 
increasing the dose of irritant. These findings are
supported by Ezekowitz (1981) who observed that murine 
macrophages recruited by BCG were significantly less 
efficient in phagocytosing non-opsonised, radiolabelled 
mannose-BSA than macrophages recruited with TGB. BCG 
activates the macrophages during recruitment and induces a 
marked reduction in receptors responsible for phagocytosis 
of non-opsonised particles. Many other laboratories found 
a similar type of receptor which binds glycoprotein 
molecules having terminal mannose moieties. The density of 
such mannose-specific receptor sites reduces in murine 
macrophages upon exposure in vitro to PMA or to a 
macrophage activating factor (MAF). Also, Adam and Hamilton 
(1984) have shown that number of such receptor sites 
decreases substantially in the latter stages of macrophage 
activation. In the light of work on murine macrophages, it
i 6 â
Plate 4.8: The Sephadex recruited macrophages and chicken 
blood monocytes.
• *)k >
a) Sephadex recruited chicken peritoneal macrophages
b) Chicken blood monocytes.
16&
Plate 4.9: Formation of multinucleated giant cells (MGC) in 
sephadex recruited chicken peritoneal macrophages
a) Process of cell fusion (72 hours in culture).
b) Ring form of nuclei in peripheral cytoplasm of MGC (72 
hours culture).
c) cluster form nuclei in centre of cytoplasm of MGC
(14 days culture).
(Magnification xl250).
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may be concluded that phagocytosis of non-opsonised 
particles by chicken PEM$ could be mediated by mannose-like 
receptors. However, despite efforts to eliminate serum 
sources of complement, it is possible that such 
phagocytosis is complement mediated. Since human monocyte- 
derived macrophages are reported to secrete C1-C5, B, D, 
and properdin like factors in in vitro culture and to 
generate proteins which give rise to active complement 
fragments such as C3a, C3b, C5a, Bb (Whaley, 1980: Strunck 
et al., 1985). Direct binding of such active complement 
components to SRBC could have contributed to the percentage 
of chicken macrophages phagocytosing both opsonised or non- 
opsonised SRBC. In addition to the density of receptors on 
macrophages and ligand molecules on phagocytic particles, 
incubation time also influences the percentage of chicken 
macrophages showing phagocytosis when exposed to either 
opsonised or non-opsonised particles. PEM$ exposed to non- 
opsonised SRBC showed optimum phagocytosis after 20 minutes 
compared to 30 minutes with opsonised SRBC. Also, current 
study has shown that the time span of in vitro PEM§ culture 
does not effect the ability of macrophage to phagocytose 
opsonised SRBC. These results are supported by Sabet et al. 
(1977) who observed a constant level of phagocytosis of 
opsonised SRBC by chicken PEM$ over 5 weeks of culture. The 
level of phagocytosis of SRBC by chicken PEM$ is comparable 
to that of S. gallinarum. There was not a difference in the 
percentage of phagocytic cells exposed to either Salmonella 
or SRBC. This suggests that Salmonella express a similar
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type and density of surface ligand molecules (mannose 
/fucose molecules) to SRBC.
It was observed that incubation of viable S. 
gallinarum with 0.5 unit of agglutinating antibody at 37 °C 
for 30-60 minutes did not result in effective opsonization. 
This may be due the release of proteolytic enzymes by 
Salmonella which degrade the antibody thus preventing 
opsonization. In light of these results, opsonization of 
Salmonella was achieved by overnight incubation with 
antibody in PBS at 4 °C.
Sephadex G-50 recruited macrophages are highly 
efficient to reduce the number of viable Salmonella 
compared to control (The Salmonella incubated in RPMI-1640 
without macrophages). The reduction in viable organisms in 
supernatant of macrophage culture could be due to 1) 
adherence of the organisms with macrophage surface or 
culture dishes, this adherence may resist rattling 
movements of the dish before harvesting supernatant, 2) 
phagocytosis by macrophages, 3) extra-cellular killing of 
Salmonella / and suppression of its growth. Moreover, it is 
observed that these macrophages can kill endocytosed 
opsonised-Salmonella in first 120 minutes of incubation, 
after which the count starts to increase at the rate 
similar to that of endocytosed-non-opsonised. These results 
are supported by Qureshi et al. (1986) who showed that 
Sephadex recruited chicken macrophages have the potential 
to kill opsonised S. typhimurium. However, the bactericidal 
and secretory potential of chicken PEM$ is further
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augmented by in vitro exposure to Con-A induced lymphokines 
(Qureshi and Miller, 1990 ; Dijkamans et.al., 1990). A
substantial amount of work on mammalian macrophages 
indicates that cytokines drives the macrophages through 
various differential stages, characterised by 
morphological, biochemical, functional or secretory 
criterion (Cohn, 1987 : Johnston, 1988). The respiratory 
burst (RB) metabolites release has been an established 
criteria to determine the activation state of the mammalian 
peritoneal macrophages (Johnston et al., 1978). This RB 
release from the chicken PEM$ exposed to migration 
inhibition factor (a lymphokine identical to MAF) inhibited 
the migration, which is thought to be due to RB mediated 
reversible autotoxic damage to cytoplasmic or membrane 
elements (Rose andHesuetK, 1974).
The RB is a characteristic feature of activated 
macrophages as well as other phagocytic cells like 
neutrophils, eosinophils and monocytes (Baggiolini and 
Wyman, 1990). These cells have a common function of defence 
of animals against invading microbes which is related with 
this unique capacity of RB, when they encounter and 
phagocytose their prey (Johnston et al., 1978). The release 
of RB metabolites is the result of switching on NADPH- 
oxidase which is dormant in macrophages harvested from un­
stimulated animals (Johnston et al., 19^8). This enzyme 
constitutes a transmembrane chain withcytosolic NADPH as 
donor and oxygen as acceptor of a single electron.
The first product of RB is superoxide which is released at
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the outer surface of the plasma membrane, i.e. into the 
extracelluar space or into phagocytic vacuoles, where this 
product change sequentially into hydrogen peroxide and many 
other species of RB metabolites (Baggiolini and 
Wyman,1990). Sephadex G-50 recruited chicken PEM§ are 
activated in vivo during recruitment and release a 
detectable level of hydrogen peroxide during in vitro 
culture. This activation may be induced by the 
chemoattractants like platelet activating factor (PAF), 
leukotriene B4 (LB4) and complement C5a, which are 
generated in inflammatory reaction in mammalian species 
(Baggiolini arv4. Wyman, 1990 : Gay and Murray, 1991 :
Pruzanaski and Vadas, 1991). It is thought that such 
chemoattractants are also generated as a result of Sephadex 
induced inflammation in chickens. In murine, it is shown 
that these chemoattractants including peptide N-formyl- 
methionyl-leucy1-phenyl alanin (FMLP) stimulate superoxide 
anion production through signal transduction mechanism 
initiated by binding to specific receptors on the 
phagocytic cells (Gay and Murray, 1991 : Baggiolini and 
Wyman, 1990). The mechanism to activate chicken PEM$ by the 
chemoattractants is not known, but it is likely to be 
similar to that observed in human phagocytic cells. 
Pertinent work in this regard has been performed mainly on 
human neutrophils, where it is found that the receptor- 
ligand interaction causes membrane bound G protein mediated 
activation of phospholipase C (PLC) which catalyses 
phosphatidyl inositol 4-5-bi-phosphate (PIP2). This
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interaction generates 1,4,5 inositol tri-phosphate (IP3) 
and diacyleglycerol (DAG). These mediators increase 
intracellular calcium ion and activate protein kinase C 
(PKC) respectively leading to activation of the NADPH- 
oxidase and resultant superoxide anion production 
(Baggiolini and Wyman, 1990). This pathway does not explain 
all the observations of oxidase activating mechanism by 
receptor dependent stimuli. For example, pertussis toxin, 
an inhibitor of G-protein activation, does not completely 
inhibit superoxide anion production or priming in response 
to FMLP or PAF. It indicated the plausible existance of an 
other pathway for superoxide anion production, where 
receptor-ligand interaction stimulates the phospholipase-D 
(PLD) that initiate the hydrolysis of phosphotidyle choline 
and generate phosphatidic acid (PA) and choline. The PA is 
dephosphorelated to DAG through the action of PA 
phosphohydrolase (Billah et al., 1989). Recent studies 
showed that PA rather than DAG may actually be a primary 
signal for production of superoxide. This has been 
explained by measuring the level of superoxide anion 
production induced by LB4, PAF, and FMLP while inactivating 
the PA phosphohydrolase with propanolol. The PA has been 
found activating the NADPH-oxidase directly (Gray and 
Murray, 1991 : Bellavite et al., 1988).
In chickens, PMA was found to stimulate NADPH-oxidase 
activity of Sephadex recruited PEM$ and initiate the 
release of RB metabolites. Peak RB activity is achieved 
with a concentration of 50 nM PMA or 10 uM 4-0-methy 1-PMA.
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PMA can not stimulate PEM$ from un-stimulated mice, while 
PMA induced RB in murine elicited PEM§ was dependent on the 
irritant used to harvest the peritoneal cells e.g., 
administration of PEC recruiting agents like LPS, TGB, BCG, 
casein, Corynebacterium parvum, immunization and boosting 
with T.cruzei or Toxoplasma gondi to mouse prior to cell 
harvest or in vitro treatment of the PEM$ from un­
stimulated mouse with lymphokines result a marked increase 
in PMA induced hydrogen peroxide release (Johnston et al., 
1978). PMA or calcium ionophores in human neutrophils short 
circuit the pathway and activate the steps down stream from 
the receptors (Gay and Murray, 1991). Sephadex G-50 
recruitment not only stimulate but also prime the chicken 
PEM$ for other stimulants such as PMA. The PEM§ 
progressively loose their PMA induced RB metabolites 
production capacity during extended in vitro culture. After 
48 hours post-culture, the chicken PEM$ become unresponsive 
to PMA induced release of RB metabolites. These results are 
supported by several reports which showed that progressive 
loss of PMA induced RB metabolites release is a common 
feature of stimulated mammalian PEM$ monolayer (Murray and 
Cohn, 1980: Nakagawara et al., 1981: Berton and Gordon, 
1983). The exact mechanism about loss of this capacity 
during in vitro culture is not known. It is postulated that 
eliciting agents induce a wide variety of receptors during 
recruitment. These washed PEM$ when incubated in vitro 
culture are responsive to PMA but progressively loose the 
receptors and hence becomes unresponsive to PMA. In vitro
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treatment of these cells with lymphokines may induce 
similar receptors. The cell concentration on the culture 
dishes (35mm) appears to be a critical variable when 
comparing the superoxide anion release from chicken PEM$ of 
different cultures. The release of superoxide increased 
with the increase of cell number on the culture dish. This 
release was maximum at cell concentration of lxlO®/dish 
beyond which as the number of cells increase, the release 
of superoxide anion decline. These results are supported by 
Johnston et al. (19")8) and Pick and Keissari (1981) who 
observed maximum superoxide anion release at 0.6x10^ of 
guinea pig PEC and a reduced efficiency of superoxide 
release at higher cell concentration. It is thought that 
superoxide anion scavenger such as superoxide dismutase is 
released with monolayer of high cell concentration. This 
view is supported by Oursler et al. (1991) who observed the 
SOD activity in the extracelluar fluid of mammalian cell 
culture. In the culture of high cell density, extracelluar 
release of SOD might have increased to potentiate the 
spontaneous dismutation of highly toxic superoxide into 
less toxic hydrogen peroxide. Similar type of mechanism 
could be implicated in vivo at sites of inflammation or 
infections where superoxide release from a high 
concentration of recruited phagocytic cells, which 
otherwise may induce tissue destruction. This view is 
further supported by our present study on hydrogen peroxide 
whose release from PMA stimulated macrophages was directly 
proportional to a certain level of cell concentration
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(Figure 3.16).
The RB activity of un-stimulated chicken PEM§ or in 
response to PMA was maximum up to first 60 minutes and net 
amount of the RB metabolites detectable thereafter reduces 
significantly. This reduction in RB metabolites could be 
due to 1: gradual reduction in amount of PMA, 2) nutrional 
depletion of macrophages, 3) autocytotoxic damage to 
macrophages. However, it is advisable to incubate the 
macrophages with phenol red for 60 minutes for hydrogen 
peroxide and with cytochrome c for 120 minutes for 
superoxide measurement.
It has been shown that mammalian macrophages release 
a variety of cytokines which play an accessory role in 
antigen specific immune responses. In present study, an 
in vitro model for evaluating immunomodulating ability of 
secretory products of chicken PEM$ or Salmonella infected 
PEM$ cultures is established. The techniques for in vitro 
studies of NDV specific immune response of chicken 
splenocytes, were optimised. In this study, the immune
ivN
response was examined ^ terms of splenocyte proliferation 
measured by the [^H]-thymidine uptake as well as the MTT 
assay, and antigen induced anti-NDV antibody production 
detected by indirect ELISA.
4.2: IN VITRO IMMUNE RESPONSE:
In vitro immune responses are the result of cellular 
and humoral factors cooperation of chicken splenocytes to 
interact with a specific antigen. It is a complex mechanism
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and is difficult to delineate into different stages. 
However, to ease its evaluation, this response is broadly 
divided into 1) antigen presentation 2) release of antigen 
non-specific factors from antigen presenting cells and T- 
lymphocytes, 3) lympho-proliferation and 4) antibody 
production. These responses were studied using the spleen 
of NDV immunised chickens.
The chicken spleen is a major secondary lymphoid organ 
that contains B cells, T cells and macrophages (Stinson et 
al., 1978). These immunocompetent cells are mainly 
responsive to intravenously inoculated antigens {Catty
) . Irrespective to route of vaccination, antigens 
are processed by antigen presenting cells (mainly 
macrophages or B-cells) and presented to immunocompetent 
lymphocytes which ultimately differentiate into effector 
and memory cells. These cells are detectable in the 
circulation (Vanio et al., 1988) and other lymphoid tissues 
including the spleen. These are the cells which can 
recognise the antigen on subsequent exposure as explained 
in in vitro culture experiments. The dose of antigen for in 
vivo vaccination and the time thereafter for in vitro 
stimulation are critical. The splenocytes collected 21 days 
after boosting from the chickens (which were primed and 
boosted at 21 day intervals with 0.25ml of Newcadin-25) 
were responsive to 4-16 ug of NDV antigen during in vitro 
exposure, whilst doses of this antigen of 40 or 400 ug were 
deleterious (cytolytic) to both splenocytes from vaccinated 
as well as lymphocytes from un-vaccinated chickens. In
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contrast, Vanio et al.(1988) found a linear relationship 
between keyhole limpet haemocyanin (KLH) antigen dose (from 
0.1 to 100 ug/ml) and proliferative response of peripheral 
lymphocytes from KLH vaccinated chickens. The exact reason 
that high doses of NDV antigen are cytolytic, is not known. 
It could be plausible that high doses of antigen may cause 
deletion of antigen sensitive cells and induce tolerance. 
However, antigen mediated blast formation that started on 
the 3rd day continued for more than 7 days. This 
blastogenesis measured on the 5th or 6th day after 
incubation of the splenocytes with NDV antigen did not show 
any significant difference in the [^H]-thymidine uptake 
whilst mitochondrial dehydrogenase activity of such 
splenocytes on the 5th, 6th, and 7 th day was not 
significantly different. This indicates that blastogenesis 
or DNA synthesis activity reaches a peak on the 6th day. 
These results are supported by Vanio et al. (1988) who 
examined a marked DNA synthesis in lymphocytes within 6 
days after antigen stimulation. In contrast to this, the 
maximum mitochondrial dehydrogenase activity of such cells 
continued up to the 7th day after stimulation. Over all, 
the present results of splenocyte proliferation were not 
comparable with many other workers because they either used 
the cell lines for the antigen induced proliferation assay 
or used mitogens instead of antigens for in vitro 
stimulation of mammalian lymphocytes. However, these 
workers found a high sensitivity for the [^H]-thymidine 
assay at 72 hours after mitogen activation of lymphocytes
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(Wemme et al., 1992: Maguad et al., 1988).
The splenocytes from NDV vaccinated chickens, 
incubated with NDV antigen showed the antigen specificity 
and self recognition phenomena during in vitro culture 
(Figure 3.22). The splenocytes recognised allantoic fluid 
protein as self and did not respond during in vitro
p
stimulation whereas they responded in terms of DNA 
synthesis to NDV antigen. It is noteworthy that splenocytes 
incubated without antigen or CAF protein antigen showed a 
very low level of [^H]-thymidine uptake, that is an 
indication of mild blastogenesis. This could be due to a 
primary response of chicken splenocytes to a variety of 
antigens in medium or some of the splenocytes get their 
antigenic stimuli at the time of collection and perpetuate 
their blast formation process during culture. These results 
are supported by Vanio et al. (1988) who observed very poor 
in vitro response of KLP primed chicken lymphocytes to BSA 
as compared to KLP.
The proliferative response of NWC fractionated non­
adherent splenocytes to NDV antigen depends upon the 
duration of the NWC incubation at 39.6 °C and temperature of 
the medium to elute non-adherent cells. The splenocytes 
fractionated by incubating the NWC for 20 minutes before 
their elution proliferated in response to in vitro NDV 
exposure while the cells eluted after 60 minutes did not, 
the failure of response in latter case to NDV antigen could 
be due to following 3 reasons;
1) the non-adherent cell population depletes the
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macrophages and all NDV sensitive effector cells but may 
still contain NDV non-specific lymphocytes,
2) it may contain mainly T-cells which can not 
recognise the antigen directly and hence fail to 
proliferate in response to NDV antigen {This view is 
supported by Lamont and Van Alten (1981), Julius et al. 
(1974) and Majury and Shewen (1990) who found that NWC is 
a method to fractionate adherent (macrophages: B-cells) and 
non-adherent (T-cells) cells from murine as well as avian 
splenocytes. Practically, non-adherent murine cell 
preparation eluted after 60 minutes incubation of the NWC 
contains 70% T-cells, 20 % B-cells and other minor cell 
impurities (Majury and Shewen, 199f)},
3) it may contain APC (macrophages or NDV specific B- 
cells) below the concentration required to present antigen 
for an induction of lymphocyte proliferation. This has 
already been examined that the antigen specific response of 
avian or mammalian lymphocytes are dependent on specific 
antigen as well as APC to perform accessory cell functions 
for proliferation (Vanio et al., 1988 : Hamilton and Adam, 
1987: DeFranco et al., 1987). Moreover, studies on
mammalian immunocytes showed that in secondary in vitro 
immune responses, B lymphocytes can present the antigen to 
T cells for induction of proliferation and subsequently get 
a molecular signal or lymphokine support for their own 
growth, multiplication and differentiation into antibody 
forming cells (Abbas et al., 1991 : De Franco et al.,
1987).
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4.2.1: MEASUREMENT OF PROLIFERATION.
Tritiated thymidine incorporation into DNA during the 
S phase of mitosis measured by scintillation counting is an 
established method of measuring antigen or mitogen-induced 
proliferation of mammalian lymphocytes ( ; 19%7).
This method was found to be a highly sensitive measurement 
of NDV-induced proliferation of splenocytes from NDV 
vaccinated chickens. A similar level of sensitivity was 
observed by Vanio et al. (1988) who measured the 
proliferation of KLH stimulated chicken lymphocytes, and 
IL-2 induced proliferation of chicken T-cell clones.
When this method was compared with an enzymatic method that 
evaluates mitochondrial dehydrogenase activity by employing 
3-(4,5-dimethylthiazol-2-Yl)-2,5-diphenyltetrazolium 
bromide (MTT) , it was found to be as sensitive as the 
thymidine uptake assay (Figure 4.32).
Using Con-A induced proliferation of chicken 
splenocytes as a test system, the sensitivity of the MTT 
assay could be further augmented by high cell density and 
concentrations of sodium bicarbonate (0.35%), and 
homologous serum. Increasing the bicarbonate content 
presumably provided a more conducive pH for the active 
metabolic activity of Con-A stimulated cells. Homologous 
serum might be a source of factors that synergise with Con- 
A to promote blastogenesis. The MTT assay was used to 
measure NDV induced proliferation of chicken splenocytes 
incubated at 39.6 °C. The high level of enjyme activity 
observed in such cultures may be due to the fact that the
3 Figure 4.32: Comparative efficacy of 
[H]-Thymidine uptake and MTT assay to 
evaluate NDV induced lymphoproliferation
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The chicken splenocytes (3x10*^  cell/ml :200 ul/well: 96 
well round bottomed plate) were incubated at 39.6 °C: 
5% CO2 . On the 5th day post incubation, the MTT and the 
[^H]-Thymidine assays were performed to measure NDV 
induced lymphoproliferation. Each point represents the 
median ± range of 6 independent experiments.
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splenocytes from NDV primed and boosted chickens contained 
a large number of memory cells and in vitro antigenic 
stimulation results a strong secondary antigenic response, 
that is not expected from primary antigenic stimulation of 
mammalian lymphocytes.
4.2.2: IN VITRO ANTIBODY PRODUCTION.
Antibodies are one of the key elements /humoral 
factors secreted by chicken splenocytes during in vitro 
culture with known antigen. Since 1980, efforts have been 
made to develop methods to induce antigen specific immune 
responses in vitro. Recently, Hullet et al. (1987) have 
reported the in vitro immunization of human lymphocytes 
with a variety of antiges. Fresh serum and the supernatant 
from PHA-stimulated lymphocyte cultures were required to 
condition the media in order to obtain a detectable 
antibody responses. Similarly media conditioned with 
supernatants from thymocytes and splenocytes were found to 
be necessory for specific antibody production by in vitro 
immunised mouse splenocytes (Dongso-Kim et al., 1990) . Such 
conditioned media are probably necessory to establish 
primary immunization in vitro. In present study, the 
antigen specific antibody production was achieved in vitro 
without the use of conditioned media, by using splenocytes 
from NDV-primed chickens. Antibody wad detected using an 
indirect ELISA. This is a simple, highly sensitive, rapid 
technique. In developing an indirect NDV-specific ELISA, 
the primary objective was to achieve a high level of
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sensitivity, a characteristic which is controlled by the 
concentration of the antigen used for coating the substrate 
and the enzyme conjugated anti-chicken IgG. It was foud 
that the concentration of NDV antigen to coat wells varied 
according to the source of the antibody to be detected. For 
estimating specific antibody concentration in sera of 
immunised birds, 20 ug/ml of NDV antigen was required to 
coat the wells. By contrast, a higher concentration of 
antigen (80 ug/ml) was required to enable detection of 
antibody in culture supernatants. This probably reflects 
the low level of antibody in the culture supernatants and 
high level of albumin in the serum samples which help 
prevent non-specific binding. However, it could reflect 
differences in antibody affinity/avidity due to lack of 
maturation of the immune response in vitro.
The sensitivity of this test was improved also by using a 
lower dilution of the conjugated secondary antibody 
(1:1000). Using these optimised conditions, the NDV- 
specific antibody-titre in undiluted culture supernatant 
was detected. This titre reached a maximum when cultures 
were stimulated with 4-8 ug of NDV antigen. At higher dose 
of the antigen, a reduced responses were obtained. This 
could be due to excessive antigen reacting with antibody 
and thus effectively reduce antibody titres.
The effect of Salmonella or Salmonella infected 
chicken PEM$ on the phagocytic activity of fresh PEM$ and 
on NDV specific immune responses was examined.
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4.3: EFFECT OF SALMONELLA ON CHICKEN IMMUNOCYTES:
Salmonella infections are a common problem amongst 
poultry and are present as acute, subacute, or chronic 
infections (Ü5 ft Von, 1990). Macrophages provide potentially 
safe heavens for many intracellular pathogens including 
Salmonella species (Collins, 1974). Salmonella species can 
not only survive in the cytoplasm of residential 
macrophages but also have the ability to multiply. In this 
way, the bacterial infection may induce 
immuno -^deppression.
Lipopolysaccharide is a major constituents of the cell 
walls of a variety of organisms including Salmonella 
species (Lynn and Golenbock, 1992 ; Groisman and Saier,Jr., 
1990). It is a T-cell independent antigen (Abbas et al., 
199 i) and it does activate macrophages resulting in the 
stimulation of its activities (Lynn and Golenbock, 1990). 
In vivo experimental studies in mice have shown that 
organisms such as Salmonella can decrease Con-A induced 
blastogenesis. These organisms can persist in the lymph 
nodes, the intestinal contents and in other organs 
(Groisman and Saier,Jr, 1990). It is possible that these 
organisms either activate a subpopulation of macrophages, 
cytokines from which suppress either (directly or 
indirectly) Con-A induced blastogenesis or modulate the 
function of the macrophages which are unable to process and 
present antigens to T-cells. It has been suggested that 
Salmonella species which are common in avian species, may 
contribute to the failure of immunoprophylaxis against
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Newcastle disease. Such speculations have led to the 
current investigation.
The current study examined the effect of 1) Salmonella 
infected RPMI-1640 (SRPMI-1640), 2) supernatant from
macrophage cultures (NM$), and 3) supernatants from 
Salmonella infected macrophages cultures (SM$) on the 
activities of Sephadex-recruited chicken PEM§ and 
splenocytes from NDV vaccinated chickens. The results were 
compared with that of the control, RPMI-1640 without 
additional medium (RPMI-1640).
The phagocytic activity of chicken macrophages is 
mediated by Fc-gamma, complement and mannose and fucose 
receptors (Reviewed by Dietert et al., 1991). Present 
studies showed that for 4 hours in incubation either SRPMI- 
1640, NM$ or SM$ has no effect on the percentage of M$ 
phagocytosing antibody-coated SRBC. This indicated that Fc- 
gamma mediated phagocytosis is uneffected by either of 
these media. Similarly, M# incubated with either SRPMI-1640 
or NM$ showed normal level of M$ phagocytosis of non- 
opsonised SRBC. However, macrophages incubated with SM$ 
showed a slight decrease in the percentage of macrophages 
phagocytosing non-opsonised SRBC. This may be due to: 1) 
the production of cytokines from macrophages infected with 
sublethal doses of Salmonella which cause a reduction in 
M/F receptor-mediated phagocytosis by fresh cells, as this 
has shown that the concentration of the M/F receptors 
reduces in murine macrophages upon exposure in vitro to PMA 
or to a macrophage activating factor (MAF). Also, Adam and
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Hamilton (1984) have shown that number of such receptor 
decreases substantially in the latter stages of macrophage 
activation, 2) the release of bacterial products in the 
supernatant could block M/F receptors on fresh cells, or 
may induce a cytotoxic effect to fresh macrophages, this 
view is supported by many workers who observed impaired 
phagocytosis of macrophages exposed to Afla toxin (Kadian 
et al., 1988) or culture supernatant of P. hemolytica 
(Benson et al., 1978: Markham and Wilkie, 1980). Moreover, 
it was observed that chicken macrophages can recognise and 
phagocytose Salmonella or SRBC through Fc-gamma and non-Fc 
receptors. The intensity of this phagocytosis was dependent 
on the ligand molecules but not the nature of particles. 
This mean that chicken macrophages in vivo can phagocytose 
and dispose off any prey (may be cells or microbe) 
containing either surface M/F molecules or coated with 
antibodies or active components of complement. The 
pertinent literature to support this information on chicken 
macrophages is limited. It is concluded that Salmonella 
infected PEM$ do secrete some un-known products which 
mitigate phagocytic activity of the PEM$ toward immunogens, 
while secretory products of NM$ or SRPMI-1640 do not have 
such effect.
All these media induced RB activity in Sephadex G-50 
recruited-chicken PEM$. The hydrogen peroxide release in 
response to either of these was as great as that induced by 
PMA stimulated macrophages (Table 3.24). However, either of 
these medium could not be shown to synergise with PMA. The
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experiment demonstrated that NM$ and SM$ had macrophage 
stimulating activity. These activity has been suggested to 
be due to 1) lymphokines released from residual lymphocytes 
(in response to xenoantigens present in the culture medium) 
and, 2) the products of chicken fibroblasts, as the 
fibroblast contamination was a common sequale of chicken 
PEM$ culture, 3) effect of bacterial products in SRPMI-1640 
and SM$. Many workers have shown that mammalian macrophages 
during in vitro culture in response to LPS or cytokines 
(MAF) release a variety of cytokines including IL-1, TNF, 
IL-6, CSF and platelet activating factor (PAF) (Cohn, 1987: 
Auger and Ross, 199 g : Adam and Hamilton, 1984) . These
cytokines induce release of RB metabolites from murine 
elicited macrophages (Gay and Murray, 1990) . SRPMI-1640 also 
had macrophage activating potential, this could be due to 
bacterial products including LPS. Sephadex-recruited 
chicken PEM$ were probably primed during recruitment and 
hense were responsive to PMA or either of the media. 
However, effect of PMA or either of the media on normal 
chicken residential macrophages is not known, ffzekowitz et 
al. (1981) examined that residential M$ from un-stimulated 
mice don't release RB metabolites during in vitro culture 
in response to PMA. By constrast, murine elicited 
macrophages do so in response to PMA, the quantity of which 
was dependent on the chemical nature of eliciting agents. 
Although, effect of these media on splenic macrophages is 
unknown, but chicken splenocytes (lymphocytes + 
macrophages) incubated with either of SRPMI-1640, NM$ or
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SM$, failed to show NDV specific immune responses. This 
suppression was detected using the model shown in 
Figure 4.33. Each of the medium inhibited NDV-specific 
antibody production in vitro. However, it is not possible 
to explain exactly how each of these media effect the 
immune response to specific antigen, it was found they 
caused suppression of antigen-induced splenocyte 
proliferation. This suggested that the suppression was 
occuring at an early stage in the immune response.
The exact mechanism by which SRPMI-1640 caused 
immunosuppression is unknown but may be due to number of 
factors including 1) the breakdown of antigen by bacterial 
proteases and other enzymes, 2) Salmonella may secrete 
products that are toxic to lymphocytes. This possibility is 
supported by observations that crude preparations of gram 
negative bacterial cultures i.e., Pasteurella haemolytica, 
Actinobacillus species have a cytotoxic effect on 
lymphocytes (Majury and Shewen, 1991: Markham tOiC-lcie ^
1978), 3) bacterial cell wall components (LPS) may
stimulate a subpopulation of splenic macrophages which in 
turn cause immunosuppression. In support of this idea, it 
has been shown that bacterial-endotoxin stimulated murine 
macrophages which caused immunosuppression (Pope and 
Kotlarski, 1992 : Steeg et al., 1982).
The inhibition of NDV-induced proliferation of chicken 
splenocytes by NM$ could be due the release of 
prostaglandins by PEM&. It has been shown that murine PEM$ 
elicited either with BCG, Zymosan A, TGB and
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Figure 4.33: In vitro model to evaluate immunomodulating 
agents.
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Mycobacterium intracellulare released PGEg during in vitro 
culture (Tomioka and Saito, 1992: Ross et al., 1990:
Silaghem et al., 1991). Moreover, there are a variety of 
stimulatory factors during in vitro culture, including
complement fragments and endotoxins which may stimulate 
peritoneal macrophages for production of PGEj (Ross et al., 
1990) . The PGEj inhibits the activity of a range of
immunocompetent cells (Lewis, 1983). It inhibits Con-A 
mediated blastogenesis by suppressing IL-2 production and 
generating IL-2 non-reactive T-cells (Tomioka and Saito, 
1992) .
4.4: CONCLUSIONS AND RECOMENDATIONS.
4.4.1: CONCLUSIONS.
The following conclusions may be deduced from the 
results reported in the present study:
1) Sephadex G-50 is more effective in recruiting PEC 
than TGB in chickens. These PEC contain on an average 50%
macrophages irrespective of the type of irritant used for
their induction. The proportion of macrophages can be 
further improved up to more than 80% by exploiting their 
adherent property. These macrophages adhere to the culture 
substrate and fuse with others to form the MGC. These PEC 
monolayers also contain fibroblasts which are not 
detectable in first few days of culture, and then start to 
multiply and eventualy overgrow the macrophage monolayer.
2) Chicken PEM$ show phagocytic activity towards
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opsonised as well as to non-opsonised SRBC and S. 
galinarum. Phagocytosis depends on the time of exposure as 
well as the density of ligand molecules on the particles 
but is unaffected by the length of time for which the 
macrophages have been cultured or the nature of particles 
being phagocytosed.
3) Sephadex-recruited macrophages release detectable 
levels of hydrogen peroxide and are highly responsive to 
PMA as well as 4-0-M-PMA. Superoxide anion release is 
dependent on cell number, reaching a maximum at a cell 
concentration of 1 x 10® /ml but decreasing when this cell 
number is increased. By contrast, release of hydrogen 
peroxide is directly proportional to cell concentration 
over the range tested. Overall, the release of both species 
of RB metabolites decreased, if the age of the culture is 
increased.
4): Chickens primed with Newcadin (0.25ml/bird : 
intamuscular injection) and boosted 21 days later with the 
same dose, were shown to develop strong secondary responses 
in vivo. Splenocytes, collected from such birds 21 days 
after boosting showed strong antigen specific 
proliferation, when incubated in vitro with 4-16 ug/ml of 
NDV antigen. They also produced anti-NDV antibodies after 
14 days in culture. The proliferation could be effectively 
measured either by the [^H]-thymidine uptake or by the MTT 
assay. Anti-NDV antibodies produced by such splenocytes 
could be detected using an ELISA assay designed to give a 
high level of sensitivity.
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5) The SRPMI-1640, NM§ or SM$ did not effect the 
adherence or the phagocytic activity of macrophages. 
However, SM$ induced a slight reduction in the percentage 
of macrophages phagocytosing non-opsonised SRBC. All of 
these media induced macrophages to release hydrogen 
peroxide at levels similar to those induced by PMA. By 
contrast, all these media strongly inhibited both NDV 
induced proliferation and anti-NDV antibody production by 
chicken splenocytes. This inhibition may be due to products 
from Salmonella or/ Salmonella-induced activation of 
macrophages. The suppression observed with NM§ may be due 
to in vitro activation of macrophages or due to products 
from the contaminating fibroblasts.
4.4.2: RECOMENDATIONS.
4.4.2.1: MTT METHOD: A PROLIFERATION ASSAY.
This study has shown that the [^H]-thymidine uptake and 
the MTT assays are equally effective in measuring NDV 
induced lymphoproliferation. It is possible to further 
improve the sensitivity of the MTT assay by:
1) seeding cells at high concentrations (1.2x10® 
cells/well),
2) incubating cells with the MTT solution for 4 hours; 
a longer time gives a higher background,
3) removing the supernatant with as little disturbance 
as possible to the MTT stained cells before addition of the 
acidic isopropanol.
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4) reading the plates within a standard time after 
addition of the solvent, otherwise evaporation from the 
peripheral wells may bias the results,
5) reading the plates at optimum wavelength of the 
test and reference filters on ELISA plate reader. Figure 
4.34 shows that reading at dual wavelength (test wavelength 
560, reference wavelength 690) can give 90 % sensitivity of 
the results.
4.4.2.2: IMMUNOMODULATORY EFFECT OF SALMONELLA INFECTION.
Recently, it has been shown that murine macrophages 
activated by any stimuli do not support the mitogen or 
antigen induced proliferation of murine lymphocytes (Ross 
et al., 1992: Tomioka and Saito, 1992). The Sephadex-
recruited macrophages from chicken appeared activated as 
assessed by: 1) their adhesion and MGC formation, 2) the 
release of RB metabolites, 3) the reduction in Fc- 
independent receptor mediated phagocytosis. Thus the 
determinaion of the immunomodulatory effect of Salmonella 
or Salmonella-infected macrophages is effected by the fact 
that a) it is not possible to harvest non-activated chicken 
PEM$, b) Sephadex-recruited activated macrophages or their 
culture supernatant can not be used as a control. 
Therefore, it is suggested that following experiments 
clarify the results obtained in this study.
1) Chicken splenic macrophages can be purified by 
exploiting their adherence property (Plate 3.4). These 
could be used to produce both NM§ and SM$ supernatants
lc\o
Figure 4.33: Optimum wavelength for 
MTT assay.
Percent O.D.(dual X)O.D. for M TT assay (single X) 1000.6
90
800.5
70
0.4 60
500.3
40
30
20
0.2
0.1
0 630 650 670 690530 550 570 590 610
-X-
Wavelength (nm)
Single wavelength Dual wavelength
The chicken splenocytes(6x10® cell/ml: 200ul/well : 96 
well round bottomed plate) incubated (39.6 °C : 5% CO2) 
with NDV antigen. On the 5th day post-incubation, MTT 
was added to these cells for 4 hours. The supernatant 
was removed and the insoluble MTT precipitate was 
dissolved in acidic propanol. Absorbances of the test 
solution was measured at a wide range of wavelengths 
using the control as blank. The O.D. for dual lamda 
(test: 560 nm : Reference : 530-700 nm) was
calculated.
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instead of PEM$.
2) If the observed immunosuppression occurs through 
the agency of secreted molecules, this may be demonstrable 
by investigating the effect of sera from Salmonella 
infected and non-infected chickens on the assays described 
in this study.
3) The in vitro production and fractionation of 
cytokines released by activated and non-activated splenic 
macrophages and their immunomodulatory analysis on non­
adherent mononuclear PBMC may be studied. Many of the known 
cytokines in mammals have been identified in chickens. 
Supernatants could be fractionated by SDS-PAGE or high 
performance liquid chromatography could be examined to try 
and identify the specific molecules causing the observed 
immunosuppression.
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APPENDIX-A
1: ALSEVER'S SOLUTION.
Dextrose 20.5 g
Sodium chloride 4.2 g
Sodium citrate 8 . 0 g
Distilled water 1 0 0 0 ml
The above chemicals were dissolved and the solution 
was filter sterilised and stored at 4°C. Equal volumes 
of this solution and a 5% SRBC suspension in PBS were 
mixed and the suspension was stored to preserve the 
integrity of the cells.
2: CONCANAVALIN-A (Type-IV.S : Sigma)
It was derived from Canavalia ensiformis (Jack bean) 
and was purified and an essentially salt free 
lyophilized powder. It was diluted in distilled water 
to give Img/ml and aliquots were stored at - 2 0  until 
use.
3: ELISA DILUENT.
Solution A.
Ethylene diaminetetraacetic acid (EDTA) 6.05 g 
Tris hydrochloride base.
Sodium azide 
Distilled water
Solution B.
Sodium chloride, 0.05 M 29.22 g
Bovine serum albumin 1.00 g
Tween 20 0.50 ml
Distilled water 150 ml
g
0 . 1 0 g
0 . 2 0 g
859 ml
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The solutions A and B were admixed to give the 
complete ELISA diluent. The pH of the solution was 
adjusted to 7.4 using 10 % HCl or 4 % NaOH. This 
solution was stored at room temperature.
4: ELISA WASH SOLUTION (pH 7.5).
Sodium chloride 14.61 g
Distilled water 500 ml
Tween 20 0.25 ml
The above chemicals were mixed thoroughly and stored
at 4®C until use.
5: FERRICYTOCHROME-C SOLUTION.
Ferricytochrome-c, type IV, (Sigma) 100 mg 
Phosphate buffered saline (see 2.2.3) 50 ml
The Ferricytochrome-c was dissolved in PBS and the
solution was stored in aliquots (lOml/vial) at -20°C.
It was diluted with an equal volume of PBS to give a
working solution of 80 uM cytochrome-C solution just
before use.
6: HEPARIN SOLUTION
The sodium salt of heparin (20,000 units: BDH) was 
dissolved in 20 ml distilled water. The solution was 
filter sterilised and stored at 4°C.
Two hundred microlitres of this solution was 
added aseptically in 1 0 0  ml of sterilised saline 
solution (0.75% NaCl) to give 2 units/ml and stored at 
4 °C until use.
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7: 2-MERCAPTOETHANOL.
It was dissolved in sterile distilled water to give 
5X10%. It was stored at 4 °C in small aliquots 
(Iml/vial).
8 : HTT SOLUTION.
(3-[4,5-DIMETHYLTHYZOL-2-YL] 2,5-DIPHENYLTETRAZOLIUM
BROMIDE)
Stock solution:
MTT salt 500 mg
Distilled water 100 ml
The MTT salt was dissolved in given volume of
distilled water and stored at 4°C in dark place until
use.
9: NUTRIENT BROTH.
Peptone 1.5 g
Beef extract 0.5 g
Sodium chloride 0.5 g
Distilled water 100 ml
Two and a half grams of dehydrated nutrient broth
(Gibco) was mixed in 100 ml distilled water and
autoclaved at 121 °C for 20 minutes. For preparation of
nutrient agar, 1.5 g agar (Gibco) was mixed in 100 ml
nutrient broth and autoclaved before pouring.
10: 4-0-METHYL PHORBOL MYRISTATE ACETATE.
4-0-Methyl phorbol myristate acetate 0.001 g 
Dimethyl sulfoxide 0.790 ml
This solution was stored at -76 °C in aliquots (10
ul/vial). Just before use, it was diluted in the test
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medium to give the required concentration.
11: PHENOL RED SOLUTION.
Sodium chloride 0.816 g
Potassium phosphate buffer 100 ml
Glucose 0.099 g
Phenol red (Sigma) 0.028 g
Horseradish peroxidase (type 2: Sigma) 1000 units
The above were dissolved in the given buffer. The
solution was filter sterilised, aliquoted and stored
at - 2 0  °C until required.
12: PHORBOL MYRISTATE ACETATE (Stock solution).
Phorbol myristate acetate 0.001 g
Dimethyl sulfoxide 810 ul
This solution was stored at -76° C in aliquots (0.01
ml/vial) till final use. Immediately before use, it
was diluted in PBS to give a concentration of 1000 nM
PMA. concentration.
13: SEPHADEX G-50 SUSPENSION:
Sephadex G-50 (Sigma) 3.0 g
Saline solution (0.75 % NaCl) 100 ml
Sephadex G-50 was washed four times in distilled water
and finally suspended in the saline solution. This
suspension was autoclaved and stored at 4 °C until use.
14: SCINTILLATION FLUID (Scintran, Cocktail-Ex : BDH)
Its contents/litre were as follows:
Xylene 640 ml
Titon X-100 360 ml
2,5-Diphenyloxazole(PP0) 6.5 g
1,4-Di-2(5-Phenyloxazole) benzene 0.2 g
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It was kept at room temperature.
15: SUPEROXIDE DISMUTASE SOLUTION (stock solution).
Superoxide dismutase (SOD: Sigma) 1500 units 
Phosphate buffered saline(appendix-2) 25 ml
The solution was stored at -20 °C in aliquots (0.5 
ml/vial) and the working solution was prepared by 
mixing an equal volume of this solution with double 
strength cytochrome-C solution.
16: SUBSTRATE SOLUTION FOR ELISA:
One tablet (5mg) of P-nitrophenyl phosphate was 
dissolved in 5 ml of diethanolamine buffer (See 
appendix-B). This solution was prepared fresh.
17: RPMI-1640 WITH 10 % FCS.
RPMI-1640 (lOX) 100 ml
Foetal calf serum (FCS) 100 ml
Sodium bicarbonate (8 . 8  %) 22 ml
Glutamine, 200mM 10 ml
Sodium hydroxide (2M) variable
Gentamycin 200ug/ml
Amphotericin-B 2.5ug/ml
The above were admixed in 800 ml sterile distilled 
water. The pH was corrected to 7.6 with sterile 2M 
sodium hydroxide. The medium was prepared every week, 
aliquoted and stored at 4 °C. The medium used for 
splenocyte study was also supplemented with 10'^  M 2- 
mercaptoethanol (Sigma).
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18: THIOGLYCOLATE BROTH.
L-cystine 0.5 g
Sodium chloride 2.5 g
Dextrose 5.5 g
Pancreatic digest of casein 15.0 g
Sodium thioglycolate 0.5 g
Yeast extract 5.0 g
Distilled water 1000 ml
The above were admixed, autoclaved and stored at 4°C,
19: [%]-THYMIDINE (Radiochemical centre. Amersham
GB) .
Its specific activity was 102 mCi/mg TRK-120, batch 
322. It was stored at 4°C until use.
20: OTHER CHEMICALS.
1: Anti-chicken IgG conjugated with alkaline
phosphatase (Sigma).
2: Biuret reagent (Sigma).
3: Folin and Ciocalteu,s Phenol reagent (sigma).
4: Giemsa's stain (Sigma, USA, GS-500).
5: Isopropanyl Alcohal (Propan-2-OL : Hopkin & 
William).
6: Lymphoprep (Nycomed, Olso, Norway).
7: Methanol (FSA).
8: Nalidixic Acid (Sigma).
9: Wright's Stain (Sigma).
6: TRYPAN BLUE (0.04% solution in PBS).
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APPENDIX-B
BUFFERS
1: CARBONATE/BICARBONATE BUFFER.(pH 9.5)
Sodium carbonate 1.59 g
Sodium bicarbonate 2.93 g
The constituents were dissolved in sterile distilled 
water and pH was corrected to 9.5 by addition of the 
monobasic or the dibasic salt solution. This solution 
was prepared fresh at every time of an ELISA assay.
2: DIETHANOLAMINE BUFFER. (pH 9.6)
Diethanolamine (Sigma) 97 ml
Magnesium chloride 0.10 g
Sodium chloride 0.20 g
Distilled water 100 ml
The above were throughly mixed and the pH corrected to
9.5 using 10% HCl.
3: PHOSPHATE BUFFERED SALINE SOLUTION (PBS).(pH 7.2)
The Gibco tablets comprising:
Sodium chloride 0.800 g
Potassium chloride 0.200 g
Disodium hydrogen phosphate 1.150 g
Potassium dihydrogen phosphate 0.200 g
Distilled water 1000 ml
PBS tablets with the composition above were dissolved
in distilled water (4 tablets/100ml) and the solution
autoclaved.
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4: POTASSIUM PHOSPHATE BUFFER. (pH 7.4)
Solution A:
Potassium dihydrogen phosphate 0.66 g
Distilled water 50 ml
Solution B:
Sodium hydroxide 0.2 g
Distilled water 50 ml
The solution A and B were admixed and the pH corrected
to 7.00 using 10% HCl.
